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A mancha foliar de Glomerella (MFG) e a podridão amarga (PA) são doenças muito 
severas e causam danos em plantas de macieira da cultivar Gala, a mais plantada 
no sul do Brasil. Além de também terem sido observados sintomas da doença na 
cultivar Eva, relatada anteriormente como resistente. As espécies patogênicas 
pertencem aos complexos Colletotrichum gloeosporioides (cCg), C. acutatum (cCa) 
e C. boninense (cCb). Os objetivos deste trabalho foram (i) comparar o efeito da 
temperatura na germinação e crescimento micelial de diferentes espécies de 
Colletotrichum isoladas de folhas de macieira e, comparar a severidade dos 
sintomas causados por estas espécies em frutos e folhas destacados das cultivares 
Gala e Eva; (ii) estudar a sensibilidade de Colletotrichum aos fungicidas mancozeb e 
tiofanato-metílico comparando regiões de produção no Brasil, cultivares e partes da 
planta e; (iii) identificar molecularmente isolados de Colletotrichum provenientes dos 
estados de São Paulo, Paraná, Santa Catarina e Rio Grande do Sul e, comparar a 
agressividade de espécies pertencentes a diferentes complexos em folhas das 
cultivares Gala e Eva. Espécies pertencentes ao cCg tiveram germinação acima de 
90% em temperaturas iguais ou superiores a 15 °C, e as espécies pertencentes ao 
cCa apresentaram maiores porcentagens de germinação a 25 °C. As colônias 
pertencentes ao cCg apresentaram maior diâmetro em relação às colônias 
pertencentes ao cCa após 7 dias de incubação a 25 °C. A temperatura ideal para o 
desenvolvimento de colônias em meio de cultura não diferiu entre os complexos e 
variou de 23 a 27 °C. Todas as espécies foram capazes de causar sintomas em 
frutos. A distribuição de sensibilidade a fungicidas variou entre isolados das 
diferentes partes da planta, dos diferentes estados e das diferentes cultivares e, em 
muitos casos, a sensibilidade foi reduzida ou inexistente. Foram encontrados 
isolados resistentes ao mancozeb e este pode ser o motivo para a diminuição do 
controle das doenças nos pomares. Dos isolados obtidos nos estados de SP, PR, 
SC e RS, 126 pertencem ao cCa e 102 ao cCg. Estes isolados pertencem a cinco 
espécies: C. melonis, C. nymphaeae, C. paranaense, C. limetticola e C. fructicola. 
Em SC, quase 99% dos isolados pertencem à espécie C. fructicola (cCg), mas nos 
estados de SP, PR e RS predominam espécies pertencentes ao cCa, 100, 89 e 
72%, respectivamente. Este é o primeiro relato de C. limetticola em macieira e, além 
disso, novas espécies de Colletotrichum foram encontradas. As temperaturas 
simuladas das diferentes regiões produtoras no Brasil não influenciaram a 
severidade dos sintomas causados por C. nymphaeae, C. fructicola e C. karstii, e na 
comparação entre cultivares em pomar experimental a AACPD foi significativamente 
superior em plantas da cultivar Gala em relação a plantas da cultivar  Eva. Este é o 















Glomerella leaf spot (GLS) and bitter rot (BR) are very severe diseases and cause 
symptoms and damage in apple cultivar Gala, the most cultivated in southern Brazil. 
In addition to this, symptoms have been observed and isolates of the pathogen have 
been obtained from Eva cultivar, reported as resistant. The pathogenic species 
belong to the complexes Colletotrichum gloeosporioides (Cgc), C. acutatum (Cac) 
and C. boninense (Cbc). The objectives of this work were (i) to compare the effect of 
temperature on the germination and mycelial growth of different Colletotrichum 
species isolated from apple leaves and, to compare the severity of the symptoms 
caused by these species on detached fruits and leaves of Gala and Eva; (ii) to study 
the sensitivity of Colletotrichum isolates to mancozeb and thiophanate-methyl 
fungicides comparing production regions in Brazil, cultivars and parts of the plant; (iii) 
to identify Colletotrichum isolates from the states of São Paulo, Paraná, Santa 
Catarina and Rio Grande do Sul and to compare the aggressiveness of species 
belonging to different complexes on leaves of Gala and Eva. Species belonging to 
Cgc had germination of greater than 90% at temperatures equal to or greater than 15 
°C, and the species belonging to Cac showed higher germination percentages at 25 
°C. The colonies belonging to Cgc grew faster than those of belonging to the Cac 
after 7 days of incubation at 25 °C. The optimal temperature for the development of 
colonies in culture medium did not differ between the complexes and varied from 23 
to 27 °C. All species were able to cause symptoms on fruit. The distribution of 
sensitivity to fungicides varied between isolates of the different parts of the plant, the 
different states and the different cultivars, and in many cases the sensitivity was 
reduced or non-existent. Higher resistance was detected for mancozeb, which may 
be the main reason for the reduction of control of the diseases in the field. In isolates 
obtained in the states of SP, PR, SC and RS,126 strains belong to the Cac and 102 
to the Cgc. These strains belonged to five species: C. melonis, C. nymphaeae, C. 
paranaense, C. limetticola, and C. fructicola. In SC almost 99% of the isolates belong 
to C. fructicola (Cgc), but in the states of SP, PR and RS species belonging to Cac 
predominate with 100, 89 and 72%, respectively. This is the first report of C. 
limetticola on apple and, furthermore, new species of Colletotrichum were found. 
Under the conditions tested in this study the simulated temperature of different 
producing regions in Brazil did not influence the severity of the symptoms caused by 
C. nymphaeae, C. fructicola and C. karstii, and in the comparison between cultivars 
in experimental orchard, the AUDPC was significantly higher in plants of Gala than in 
plants of Eva. This is the first official report of severe symptoms of GLS in the Eva 
cultivar, which was considered resistant. 
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1 INTRODUÇÃO GERAL 
 
 
 Os fatores que afetam de forma negativa a produtividade em pomares de 
maçã são o baixo número de horas de frio que prejudica a brotação das plantas, 
além da alta precipitação e umidade relativa do ar na primavera/verão que 
favorecem a ocorrência de doenças (PETRI, 2002). O controle de doenças responde 
por cerca de 20% do total de custos de produção da maçã (KATSURAYAMA e 
BONETI, 2009).  
 As macieiras são cultivadas no sul do Brasil em regiões de clima subtropical 
onde são severamente atacadas por doenças como a mancha foliar de Glomerella 
(MFG) e a podridão amarga (PA). Colletotrichum gloeosporioides (Penzig) Penzig & 
Sacc (teleomorfo: Glomerella cingulata (Stoneman) Spauld & Schrenk) e 
Colletotrichum acutatum J.H. Simmonds foram as primeiras espécies relatadas como 
agentes causais de ambas as doenças. Porém o gênero Colletotrichum foi 
reclassificado nos últimos anos (DAMM et al., 2012; WEIR et al., 2012) e novas 
espécies pertencentes aos complexos C. gloeosporioides, C. acutatum e C. 
boninense têm sido associadas aos sintomas de MFG e PA (ALANIZ et al., 2012; 
BARONCELLI et al., 2014; BRAGANÇA et al., 2016; KOU et al., 2014; VELHO et al., 
2015). 
 A MFG ocorre em pomares localizados nos EUA, Brasil e China (TAYLOR, 
1971a; LEITE et al., 1988; WANG et al., 2012). No Brasil, os primeiros relatos de 
MFG ocorreram em 1983 e a partir de então a intensidade da doença aumentou 
continuamente e hoje é uma das principais doenças que afetam pomares de 
macieira na região sul do país (SUTTON e SANHUEZA, 1998; MOREIRA et al., 
2014; MOREIRA e MAY DE MIO, 2015). Os sintomas em folhas são caracterizados 
por lesões necróticas marrom-avermelhadas e ocorrem principalmente na cultivar 
Gala e seus clones, que correspondem a 66% da área de produção comercial 
(PETRI et al., 2011). Apesar de ser relatada como resistente (FURLAN et al., 2010), 
sintomas de MFG e isolados de Colletotrichum, têm sido observados e obtidos da 
cultivar Eva. 
 A PA ocorre em todos os países onde a macieira é cultivada (SHI et al., 1996) 
e é mais destrutiva do que outras podridões em maçã (SUTTON et al., 1992). Os 
sintomas típicos de PA começam como lesões marrons claras nos frutos que 
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evoluem de tamanho ao longo do tempo tornando-se marrons escuras e deprimidas 
(TAYLOR, 1971b). Todas as cultivares da maçã são susceptíveis a PA, em particular 
as que pertencem ao grupo Granny Smith, Pink Lady e Fuji (DENARDI et al., 2003). 
Esta doença foi descrita pela primeira vez em 1856 (TAYLOR, 1971b) e no Brasil 
apareceu na década de 70 (DENARDI et al., 2003). 
Estas duas doenças se desenvolvem principalmente durante verões quentes 
e chuvosos e a incidência e severidade dos sintomas vêm aumentando a cada ciclo 
produtivo por todas as regiões produtoras de maçã no Brasil (BECKER et al., 
2000b). As perdas de produção causadas pela MFG são superiores a 75% 
(BECKER et al., 2000a), e da PA podem chegar a 50% em pré e pós-colheita 
(SUTTON et al., 1992).  
Como a proporção das espécies de Colletotrichum pode variar de um pomar 
para outro conforme o manejo adotado, ou de um local para o outro, de acordo com 
o clima (JONES et al., 1996; GONZÁLES e SUTTON, 2004), torna-se importante 
caracterizar e identificar as espécies patogênicas de Colletotrichum visando auxiliar 
no manejo das doenças nos pomares. Tradicionalmente, a identificação de espécies 
de Colletotrichum se baseava nas diferenças morfológicas e culturais, mas utilizando 
apenas estes critérios não era possível a diferenciação, especialmente àquelas 
pertencentes a um mesmo complexo de espécies (CAI et al., 2009). Técnicas 
moleculares têm sido empregadas com sucesso na identificação de espécies dentro 
do gênero em diferentes patossistemas (FREEMAN et al., 2000). As técnicas de 
PCR com marcadores genéticos específicos e de sequenciamento multigênico vêm 
sendo utilizadas com êxito em numerosos estudos para diferenciar espécies de 
Colletotrichum (HYDE et al., 2009). 
Outro aspecto importante para subsidiar procedimentos de manejo da doença 
é o estudo da influência de fatores ambientais sobre as diferentes espécies 
patogênicas e sobre a doença, tanto no campo como em pós-colheita, visto que, no 
caso da macieira a produção é distribuída entre diferentes regiões do Brasil que 
possuem climas diferenciados. Além disso, estudos de sensibilidade da população 
do patógeno a fungicidas podem contribuir para direcionar ações de controle e evitar 
o uso indiscriminado de ingredientes ativos (SOARES, 2008).   
 Com base no exposto acima, este trabalho foi organizado em três capítulos 
que apresentam os seguintes objetivos: Capítulo I - Comparar o efeito da 
temperatura na germinação e crescimento micelial de diferentes espécies de 
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Colletotrichum isoladas de folhas de macieira, quantificar e comparar a severidade 
dos sintomas causados por estas espécies em frutos e folhas destacados de duas 
cultivares com diferentes níveis de resistência (Gala e Eva); Capítulo II - Estudar a 
sensibilidade aos fungicidas mancozeb e tiofanato-metílico de isolados de 
Colletotrichum associados à macieira em diferentes regiões de produção no Brasil, 
em diferentes cultivares e em diferentes partes da planta; Capítulo III - Coletar e 
identificar molecularmente isolados de Colletotrichum provenientes dos estados de 
São Paulo, Paraná, Santa Catarina e Rio Grande do Sul e, comparar a 
agressividade de espécies pertencentes a diferentes complexos em folhas 
destacadas de macieira mantidas em temperaturas simuladas dos estados 
produtores de maçã e em plantas de pomar experimental das cultivares Gala e Eva. 
 
 
2 REVISÃO DE LITERATURA 
 
 
2.1 A CULTURA DA MACIEIRA 
 
 
 A macieira (Malus domestica Borkh.) pertence à família Rosaceae subfamília 
Pomoideae e possui plantas com folhas alternadas, simples, caducas e o fruto é do 
tipo pomo (EPAGRI, 2002). A árvore é uma das espécies frutícolas de clima 
temperado mais cultivadas no mundo (VELASCO et al., 2010). O centro de origem 
da macieira cultivada encontra-se nas regiões da Ásia Menor, Cáucaso, Ásia 
Central, Índia e Paquistão, sendo que as cultivares existentes atualmente possuem 
como ancestral selvagem materiais provenientes da Ásia e Europa Ocidental 
(CORNILLE et al., 2012).   
 A macieira é cultivada em todos os continentes, principalmente em países do 
hemisfério norte, sendo a China o maior produtor mundial, seguido pelos Estados 
Unidos e vários produtores menores. Na América do Sul, os principais países 
produtores são Chile, Argentina, Brasil, Peru e Uruguai (FAOSTAT, 2016). No Brasil, 
a espécie passou a ser cultivada inicialmente no estado de SP, e em poucos anos 
transformou-se em um produto de intensa comercialização em todo o país, 
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expandindo-se também para regiões não tradicionais ao cultivo.  
 Atualmente, a produção de maçã possui grande importância sócio-econômica 
no Brasil, sendo que a produção na safra de 2015 alcançou 1,2 milhão de toneladas 
(IBGE, 2016). Consequentemente, o país passou de importador para autossuficiente 
na produção do fruto e ainda exporta 12% do total colhido (FAOSTAT, 2016). Os 
principais produtores concentram-se nos três estados da região sul, sendo que SC 
detém 49% da produção, RS 48% e PR 3% (IBGE, 2016). As principais variedades 
cultivadas são a Gala (58%), sendo responsável por 95% da exportação e a Fuji 
(37%).   
 A colheita da maçã ocorre de janeiro a maio, dependendo da cultivar e da 
região produtora. A cultura é muito dependente das condições climáticas, e uma boa 
safra depende da ocorrência de um elevado número de horas de frio, pouca chuva 
no período de florescimento e de altos índices pluviométricos na época da brotação 
(IUCHI, 2002). A incidência de chuvas de granizo e o manejo de doenças no campo 
e em pós-colheita são os principais problemas que limitam a produção e aumentam 
os custos (EPAGRI, 2002).  
 
 
2.2 MANCHA FOLIAR DE GLOMERELLA 
 
 
 A mancha foliar de glomerella (MFG) vem preocupando os produtores de 
maçã no mundo (GONZALEZ et al., 2006; WANG et al., 2012) e no Brasil (STADNIK 
et al., 2009) há muitos anos. No Brasil, a MFG foi relatada pela primeira vez na 
década de 70 no município de Porto Amazonas-PR (LEITE et al.,1988), e então 
disseminou-se para a região de Fraiburgo-SC (88/89), Vacaria e Caxias do Sul-RS 
(92/93), e São Joaquim-SC (97) (KATSURAYAMA e BONETI, 2009). 
 Em folhas os sintomas aparecem primeiramente na parte interna da planta. 
Inicialmente surgem manchas irregulares de cor marrom-avermelhadas na face 
adaxial das folhas que são visíveis aproximadamente 2 dias após a infecção (LEITE 
et al., 1988; MOREIRA e MAY DE MIO, 2015). Ao longo do tempo, as manchas 
evoluem tornando-se marrom-acinzentadas (1-10 mm), necrosam e após 7-10 dias 
as folhas amarelecem e caem (FIGURA 1a). Em frutos, a MFG ocasiona pequenas 
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lesões deprimidas de cor marrom-claro de 1 a 3 mm de diâmetro (FIGURA 1b), que 
geralmente não aumentam e não evoluem para podridão (SUTTON e SANHUEZA, 
1998).  
 Esta doença manifesta-se durante o verão, e ocasiona uma desfolha severa, 
acima de 75%, e precoce em plantas de macieira comprometendo a produção nos 
anos seguintes. A doença é favorecida pelas condições de alta umidade relativa e 
temperaturas entre 23 e 28ºC. A disseminação dos conídios se dá pela água da 
chuva ou formação de orvalho devido à dissolução da mucilagem que contém a 
massa de conídios (CRUSIUS et al., 2001). Cultivares de macieira descendentes da 
Golden Delicious como a Gala são altamente suscetíveis à MFG, enquanto que as 
descendentes do grupo Delicious como a Fuji, apresentam resistência completa à 
doença, e tem caráter monogênico recessivo (STADNIK, 2009). Trabalhos de 
melhoramento genético resultaram no lançamento da cultivar de macieira Eva a qual 
possui baixa exigência em frio (300 a 350 horas abaixo de 7,2º C), o que possibilita 
seu plantio em regiões com menor acúmulo de horas de frio. Esta cultivar resulta do 
cruzamento de Anna X Gala, e também é relatada como resistente à MFG (CRUZ e 
AYUB, 2002). 
 A MFG é causada por espécies do gênero Colletotrichum que, através de 
metodologias morfológicas e moleculares, foi reclassificado (DAMM et al., 2012; 
WEIR et al., 2012) e separado em complexos. Atualmente, novas espécies têm sido 
relatadas como patogênicas à folhas de macieiras, como C. fructicola pertencente ao 
complexo C. gloeosporioides; e também, C. karstii, pertencente ao complexo C. 
boninense (VELHO et al., 2015). 
 A sobrevivência deste patógeno pode ocorrer sobre gemas, ramos dormentes 
e cancros presentes na planta (CRUSIUS et al., 2001; BORVE e STENSVAND, 
2007; HAMADA et al., 2013). Não existem medidas totalmente eficazes para o 
controle da MFG. As práticas utilizadas são basicamente aquelas que visam reduzir 
qualquer fonte de inóculo para o ano seguinte. Folhas e frutos em decomposição 
constituem uma importante fonte de inóculo inicial (HAMADA et al., 2013). Assim, a 
eliminação de restos culturais como folhas e frutos mumificados, é uma medida de 





FIGURA 1. Sintomas típicos da mancha foliar de Glomerella (MFG) em folhas da 
cultivar Gala (a) e em frutos (b). Fotos: Moreira, R.R. (a) e Sanhueza, R.M. (b). 
 
  
 A pulverização com fungicidas dos grupos dos metil benzimidazol carbamatos 
e ditiocarbamatos é o método mais utilizados para o controle desta doença 
(KATSURAYAMA e BONETI, 2009). Porém, estes perdem grande parte da sua 
eficiência sob alta pressão de inóculo. As aplicações de fungicidas são realizadas 
em intervalos de 10 dias e repetidas quando a chuva acumulada atinge 30 mm, o 
que resulta em um elevado número de pulverizações ao longo de cada ciclo 
(BECKER et al., 2000b). O uso de cultivares resistentes é um método de controle 
eficiente (FURLAN et al., 2010), mas muitos genótipos resistentes à MFG não são 
apreciados pelos consumidores. 
   
 
2.3 PODRIDÃO AMARGA  
 
 
 A podridão amarga (PA) está presente em todas as regiões produtoras do 
mundo (SHI et al., 1996; GONZALEZ e SUTTON, 2004). Esta doença foi descrita 
pela primeira vez em 1856 na Inglaterra e uma década depois nos EUA (TAYLOR, 
1971b). No Brasil, a doença tornou-se importante após a década de 70 quando 
ocorreu um aumento da produção no país (DENARDI et al., 2003).  




(SHIVAS e TAN, 2009), Colletotrichum clavatum (KOU et al., 2014), Colletotrichum 
godetiae (BARONCELLI et al., 2014), Colletotrichum fragariae (ALANIZ et al., 2012), 
Colletotrichum karstii, Colletotrichum nymphaeae, Colletotrichum fructicola, 
Colletotrichum melonis, Colletotrichum theobromicola (VELHO et al., 2015), 
Colletotrichum abisissum, Colletotrichum paranaense (BRAGANÇA et al., 2016) e, 
Colletotrichum siamense (MUNIR et al., 2016). 
 Os principais sintomas da doença são lesões circulares na epiderme do fruto, 
de cor castanho-claro e aspecto deprimido (FIGURA 2a). Na polpa, a lesão 
desenvolve-se em forma cônica aprofundando-se em formato de “V”. Podem ocorrer 
várias lesões por fruto e quando as lesões alcançam um tamanho de 1,5 a 2,0 cm é 
possível observar acérvulos dispostos em anéis concêntricos (MONDINO et al., 
2009). No caso das lesões serem causados pela fase teleomórfica Glomerella 
cingulata, peritécios (FIGURA 2b) podem ser observados no centro das lesões (SHI 
et al., 1996). A frequência da doença depende dos fatores climáticos e ocorre 
principalmente durante períodos quentes e com alta umidade relativa. A temperatura 
ótima para o desenvolvimento ocorre entre 22 e 26 ºC (SANHUEZA et al., 2002).  
 A alta incidência de PA pode resultar em intensas perdas na colheita 
(GONZALEZ e SUTTON, 2004) e na pós-colheita através da manifestação de 
infecções latentes (MONDINO et al., 2009). 
 A disseminação se dá pelos conídios e ascósporos que são liberados pela 
água da chuva ou trazidos pelo vento. Insetos e pássaros também estão envolvidos 
na dispersão. Diferentemente da MFG, todas as variedades de maçã são sensíveis 
à PA, principalmente a Gala e a Golden Delicious (DENARDI et al., 2003). O que 
inviabiliza o controle por variedades resistentes. 
 O controle cultural através da remoção dos restos vegetais contaminados é 
muito utilizado, pois os isolados causadores da PA podem sobreviver 
saprofiticamente nas gemas, nos cancros e em frutos mumificados (SANHUEZA et 
al., 2002). Aplicações preventivas com fungicidas a partir da queda das pétalas até a 





Figura 2. Sintomas típicos da podridão amarga (PA) em frutos de macieira causados 
pela fase imperfeita Colletotrichum spp. (a) e pela fase perfeita Glomerella cingulata 
(b). Fotos: Moreira, R.R. (a) e Thornton, H. (b). 
 
 
2.4 IDENTIFICAÇÃO MOLECULAR DE ESPÉCIES DE Colletotrichum 
 
 
  Para diferenciar isolados de Colletotrichum, métodos tradicionais tais como, 
cor da colônia, forma e tamanho dos conídios, taxa de crescimento, presença ou 
ausência de setas, sensibilidade ao fungicida benomil e capacidade de hidrolisar 
caseína são muito utilizados. No entanto, essas características são consideradas 
insatisfatórias para a correta identificação dos isolados (FREEMAN et al., 2000), pois 
o gênero apresenta características morfológicas muito variáveis (HYDE et al., 2009; 
SHENOY et al., 2007). 
 A grande diversidade fenotípica (THAUNG, 2008) e a falta de padronização 
de experimentos em estudos publicados (SUTTON, 1992; CAI et al., 2009) são 
dificuldades encontradas em relação à identificação de espécies de Colletotrichum 
através de morfologia de conídios e colônias. De acordo com Weir et al. (2012), 
várias espécies classificadas como C. gloeosporioides por Von Arx (1957) são na 
realidade espécies pertencentes a outros complexos de espécies.  
 Aliada à caracterização morfológica e cultural, a identificação molecular tem 
sido o método mais utilizado para os estudos taxonômicos e para a determinação 
das relações filogenéticas de Colletotrichum spp. (DAMM et al., 2012). A 
identificação molecular deste gênero geralmente se baseia no sequenciamento da 




et al., 2012). As sequências deste marcador apresentam uma variabilidade 
relativamente elevada e de fácil amplificação (BEGEROW et al., 2010), porém a 
utilização isolada do ITS tem gerado muitas dúvidas a respeito da precisão dos 
resultados e é ineficiente para diferenciar espécies dentro um mesmo complexo 
(DAMM et al., 2012).  
 Dessa forma, para identificar e resolver as relações filogenéticas dentro das 
espécies de Colletotrichum, recomenda-se a realização de análises filogenéticas 
utilizando além do ITS, outros marcadores baseados nas sequências parciais das 
regiões codificantes para a actina (ACT), calmodulina (CAL), quitina sintase (CHS-1), 
gliceradeído-3-fosfato desidrogenase (GAPDH), glutamina sintetase (GS), histona 3 
(HIS3), manganês superóxido dismutase (SOD2) e β-tubulina 2 (TUB2) (WEIR et al., 
2012, DAMM et al., 2012). A técnica de análise de sequências multigênicas é 
considerada uma ferramenta essencial na identificação de espécies de 
Colletotrichum (CANNON et al., 2012).  
  
 
2.5 RESISTÊNCIA A FUNGICIDAS 
 
 
 Fungicidas não são responsáveis por causar mutações em fungos, mas sim 
por selecionar isolados resistentes que competem com isolados sensíveis na 
população (ECKERT, 1994). Mutações espontâneas podem ocorrer em alguns 
isolados pertencentes a uma população, levando a sua resistência a um 
determinado produto, que, quando aplicado para o controle de uma doença, irá 
selecionar os isolados resistentes do agente causal, resultando no aumento da 
frequência dos mesmos dentro da população (DEKKER, 1995; GHINI e KIMATI, 
2000).  
 Uma alteração herdável e estável de um fungo em resposta à aplicação de 
um fungicida, resultando na redução da sensibilidade do mesmo a um produto, é 
denominada de resistência (BRENT e HOLLOMON, 2007).  Esta pode ocorrer 
naturalmente nas populações do patógeno no campo ou pode ser induzida de forma 
artificial em laboratório. A resistência prática ocorre quando a resistência observada 
resulta em perda de eficiência dos fungicidas no controle de uma doença em campo 
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(BRENT e HOLLOMON, 2007).  
 O uso contínuo de um mesmo ingrediente ativo ou o uso de diferentes 
fungicidas com um mesmo mecanismo de ação, e/ou a utilização de doses menores 
ou maiores que a recomendada nos rótulos, ou ainda o uso de forma curativa de um 
fungicida resulta na seleção de isolados resistentes e no aumento da sua frequência 
de forma significativa (GHINI e KIMATI, 2000; BRENT e HOLLOMON, 2007).  
 Os mecanismos que podem levar ao surgimento de resistência dos fungos 
aos fungicidas podem ser bioquímicos e genéticos. Dentre estes mecanismos estão 
mutações em genes que codificam o sítio alvo da molécula de fungicida; a redução 
da absorção ou aumento do efluxo do fungicida; a detoxificação da molécula de 
fungicida; a falta de conversão para o composto ativo; a compensação por meio do 
aumento da produção da enzima alvo; o desenvolvimento de vias metabólicas 
alternativas que não incluem o sítio alvo do fungicida, e outros (LEROUX et al., 
2002; YAMAGUCHI e FUJIMURA, 2005; BRENT e HOLLOMON, 2007).  
 Enquanto fungicidas antigos, de ação multi-sítio, agem inibindo enzimas em 
geral, atuando em diversos mecanismos bioquímicos do fungo, os fungicidas 
modernos, de ação sítioespecífica, agem primariamente em um único sítio alvo e, 
uma única mutação no gene pode alterar esse sítio, tornando-o menos ou não 
sensível ao fungicida (BRENT e HOLLOMON, 2007). 
 O monitoramento da resistência de patógenos a fungicidas normalmente é 
realizado em meio de cultura sólido alterado com diferentes concentrações de 
fungicida e se avalia a porcentagem de inibição do crescimento do fungo em relação 
ao crescimento em meio de cultura sem adição de fungicida. O parâmetro 
normalmente utilizado para expressar o grau de toxicidade de um fungicida sobre 
um fungo é a CE50 (concentração efetiva), que representa a concentração de um 
composto químico que inibe em 50% o desenvolvimento do microorganismo (OGA, 
2008). Se a CE50 de um fungicida aumentar ao longo do tempo isso poderá indicar 







3 CAPÍTULO I - COMPARATIVE ANALYSES AMONG FIVE SPEC IES OF 
COLLETOTRICHUM ISOLATED FROM APPLE LEAVES WITH SYMPTOMS 
OF GLOMERELLA LEAF SPOT IN BRAZILIAN ORCHARDS 
 
Recently, new species belonging to the C. acutatum complex- Cac (C. nymphaeae, 
C. paranaense, C. melonis) and C. gloeosporioides complex - Cgc (C. fructicola and 
C. siamense) were reported causing bitter rot (BR) and/or glomerella leaf spot (GLS) 
on apple in Brazil. Their severities have increased every year and they are 
widespread on southern orchards. However, favourable conditions for the 
development of each species and the relations of pathogenicity on fruits and leaves 
are unknown. The objectives of this study were (i) to compare the effect of 
temperature on the germination and mycelial growth of different species of 
Colletotrichum isolated from apple leaves and (ii) to quantify, characterize and 
compare the severity of the symptoms caused by these species on fruit and leaves of 
two cultivars with different levels of resistance (Eva and Gala). Species belonging to 
Cgc had germination above 90% at temperatures equal to or higher than 15 °C, and 
species belonging to Cac had higher germination percentages at 25 °C. Colonies of 
Cgc had greater diameters in relation to colonies of Cac after 7 days of incubation at 
25 °C. The optimal temperature for the development of colonies in culture medium 
did not differ between complexes and ranged from 23 to 27 °C. The size of BR 
lesions in fruit of the Gala and Eva varied according to the inoculated species and the 
type of inoculum (mycelium or spores). All species were able to cause symptoms on 
wounded fruits, but only C. siamense, C. nymphaeae and C. melonis caused 
symptoms in non-wounded fruits. Under the conditions of this experiment, only C. 
fructicola was able to cause GLS symptoms on leaves of both cultivars. This is the 
first official report of severe GLS symptoms on the Eva cultivar, which is considered 
resistant. According to the results obtained in this work, for the management of BR 
and GLS, it is relevant to know the frequency of each species within each species 
complex. 
 















3 CAPÍTULO I - ANÁLISES COMPARATIVAS ENTRE CINCO ES PÉCIES DE 
Colletotrichum ISOLADAS DE FOLHAS DE MACIEIRA COM SINTOMAS DA 
MANCHA FOLIAR DE GLOMERELLA EM POMARES BRASILEIROS  
 
Recentemente novas espécies pertencentes aos complexos C. acutatum - cCa (C. 
nymphaeae, C. paranaense, C. melonis) e C. gloeosporioides - cCg (C. fructicola e 
C. siamense) foram relatadas causando podridão amarga (PA) e/ou mancha foliar de 
Glomerella (MFG) em macieiras no Brasil. Ambas as doenças são muito frequentes 
nos pomares da região sul e a severidade dos sintomas tem aumentado 
anualmente. Entretanto, as condições favoráveis para o desenvovimento de cada 
espécie e as relações de patogenicidade em folhas e frutos ainda são 
desconhecidas. Os objetivos deste estudo foram (i) comparar o efeito da 
temperatura na germinação de conídios e no crescimento micelial de diferentes 
espécies de Colletotrichum isoladas de folhas de macieira e (ii) quantificar, 
caracterizar e comparar a severidade dos sintomas causados por estas espécies em 
frutas e folhas de duas cultivares com diferentes níveis de resistência (Eva e Gala). 
As espécies pertencentes ao cCg tiveram germinação acima de 90% em 
temperaturas iguais ou superiores a 15 °C, e as espécies pertencentes ao cCa 
apresentaram maiores porcentagens de germinação a 25 °C. As colônias 
pertencentes ao cCg apresentaram maior diâmetro em relação às colônias 
pertencentes ao cCa após 7 dias de incubação a 25 °C. A temperatura ideal para o 
desenvolvimento de colônias em meio de cultura não diferiu entre os complexos e 
variou de 23 a 27 °C. O tamanho das lesões de PA em frutos das cultivares Gala e 
Eva variou de acordo com as espécies inoculadas e o tipo de inóculo (micélio ou 
esporo). Todas as espécies foram capazes de causar sintomas em frutos com 
ferimento, mas apenas C. siamense, C. nymphaeae e C. melonis causaram 
sintomas em frutos sem ferimento. Nas condições deste experimento, apenas C. 
fructicola foi capaz de causar sintomas MFG nas folhas de ambas as cultivares. Este 
é o primeiro relatório oficial de sintomas graves de MFG na cultivar Eva, que é 
considerada resistente. De acordo com os resultados obtidos neste trabalho, para o 
gerenciamento da PA e da MFG, é relevante conhecer a frequência de cada espécie 
dentro de cada complexo de espécies. 
 
















 The genus Colletotrichum is one of the most important plant pathogenic fungi 
and causes anthracnose on fruit and flowers of a wide range of hosts, both in tropical 
and subtropical regions (SUTTON et al., 1992; CANNON et al., 2012). On apple 
(Malus domestica Borkh.), it causes bitter rot (BR) and glomerella leaf spot (GLS) 
(GONZALEZ et al., 2006).  
 The BR causes disease on fruit and is widespread in the countries where the 
apple is grown, resulting in up to 50% pre- and post-harvest losses (SUTTON et al., 
1992). Typical symptoms include light-brown lesions that increase in diameter over 
the time and become dark brown and depressed (TAYLOR, 1971). All apple cultivars 
are susceptible to BR, particularly those belonging to the late harvest group, such as 
Granny Smith, Pink Lady and Fuji (DENARDI et al., 2003).  
The GLS causes symptoms on fruit and leaves. It was first reported in 1970 in 
the USA (TAYLOR, 1971) and in 1983 in Brazil. Over the years, its intensity has 
increased steadily, and it now occurs in all orchards in the South (SUTTON and 
SANHUEZA, 1998; MOREIRA et al., 2014). GLS appears as purple-red spots two 
days after infection that then coalesce and grow into irregular necrosis and 
subsequently cause premature leaf fall (ARAUJO and STADNIK, 2013). On fruit, it 
can cause small brown lesions (1 to 3 mm) with a slight depression that do not 
increase in size over the time (SUTTON and SANHUEZA, 1998). Cultivars 
descendant from Golden Delicious, such as cv. Gala, are highly susceptible to GLS. 
In addition, symptoms were observed and isolations were made from the Eva cultivar 
(HAMADA et al., 2013), which was previously reported to be resistant to the 
pathogen (FURLAN et. al., 2010), a fact that is worrying producers in warmer regions 
where this cultivar is grown. 
 The genus Colletotrichum was reclassified through morphological and 
molecular methods (DAMM et al., 2012; WEIR et al., 2012) and separated into three 
groups: C. acutatum complex (Cac), C. gloeosporioides complex (Cgc) and C. 
boninense complex (Cbc). Recently, new species have been reported causing BR: 
Colletotrichum fioriniae (SHIVAS and TAN, 2009), Colletotrichum clavatum (KOU et 
al., 2014), Colletotrichum godetiae (BARONCELLI et al., 2014), Colletotrichum 
fragariae (ALANIZ et al., 2012), Colletotrichum karstii, Colletotrichum nymphaeae, 
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Colletotrichum fructicola, Colletotrichum melonis, Colletotrichum theobromicola 
(VELHO et al., 2015), Colletotrichum abisissum, Colletotrichum paranaense 
(BRAGANÇA et al., 2016) and Colletotrichum siamense (MUNIR et al., 2016). New 
species have also been reported as causal agents of GLS, such as C. fructicola, 
belonging to Cgc; and, C. karstii, belonging to Cbc (VELHO et al., 2015). 
 The BR and GLS are frequent in subtropical regions with rain and warm 
weather; these conditions favour conidial spread and disease development. Although 
both diseases often occur simultaneously in orchards, their relationship with the 
causal agents is not fully understood (SUTTON and SANHUEZA, 1998). A major 
factor in the genus Colletotrichum is the effect of temperature associated with the 
presence of conidia to produce the epidemics. Although each species of the genus 
has an ideal temperature, causing variability in its epidemiological pattern.  
 Temperature differences have important implications for the management of 
the disease based on chemical control, affecting genetic resistance of cultivars and 
harvest strategies (PHOULIVONG et al., 2012). This information has a great impact 
because apple trees are grown in several regions of Brazil, in which the planted 
cultivars, rainfall and climate are different. In the state of Paraná, the temperatures 
have ranged from 19.9 to 24.9 °C at the time of harvest; in Santa Catarina, from 16.8 
to 21.7 °C; and in Rio Grande do Sul, from 18.9 to 22.4 °C over the last 10 years 
(INMET). 
 With the recent identification of new species of Colletotrichum, it is important 
to determine if there is a variation between them in virulence due to environmental 
conditions and cultivars. Thus, the objectives of this study were (i) to compare the 
effect of temperature on different species of Colletotrichum causing glomerella leaf 
spot on apple and, (ii) to quantify, characterize and compare the severity of the 
symptoms caused by these species on fruit and leaves of two cultivars with different 
levels of resistance (Eva and Gala). 
 
 
3.2 MATERIAL AND METHODS 
 
 
 The isolates selected (Table 1) to perform all tests were obtained from 
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symptomatic leaves of apple trees collected in different producing regions in Brazil 
and belonging to different complexes, following the new classification of the genus 
Colletotrichum (DAMM et al., 2012; WEIR et al., 2012): C. nymphaeae, C. 
paranaense and C. melonis, belonging to Cac, and C. fructicola and C. siamense, 
belonging to Cgc (BRAGANÇA, 2013; BRAGANÇA et al., 2016). During the tests, the 
isolates were kept in potato-dextrose-agar (PDA) medium (39 g L-1, Himedia®, 
Curitiba, Brazil) and were later stored on filter paper (VALENT et al., 1986). 
 
 




 Suspensions were made from pure and monosporic cultures of the pathogen 
and adjusted to 104 conidia mL-1. A drop of 40 µL of each suspension was pipetted 
and spread using a Drigalski handle in polystyrene dishes containing  water agar (16 
g L-1 agar-agar, 1000 mL distilled water). The plates were incubated at 10, 15, 20, 25 
and 30 ± 1 °C and with 12 h of light. The germination process was stopped by adding 
20 µL of lactoglycerol over the suspension after 24 h. The experimental design was 
completely randomized with three replicates per treatment. For evaluation, the first 
50 conidia found on each plate were counted using a light microscope at 40X. A 
conidium was considered germinated when it had a germ tube equal to or greater 
than its length. 
 
 




 Detached leaves and apple fruit of Gala cultivar were inoculated with conidial 
suspensions adjusted to 104 conidia mL-1. An aliquot of 40 µL of each suspension 
was pipetted and deposited on a pre-defined area on the surface of wounded (w) and 
non-wounded (nw) fruit and on the adaxial and abaxial sides of detached leaves. 
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Leaves and fruit treated with sterile distilled water were used as controls. The 
experimental design was completely randomized, with three replicates per treatment, 
and each experimental plot consisted of a moist chamber containing a leaf/fruit. The 
experiment was maintained at 24 to 25 °C. 
 Samples of approximately 1 cm2 of the inoculated leaves/fruits were fixed in 
modified Karnovsky solution (2.5% glutaraldehyde e 2.5% formaldehyde in sodium 
cacodylate buffer), 0.05M, pH7.2 and CaCl2 0.001M (KARNOVSKY, 1965), post-fixed 
in osmium tetroxide solution (2% in water) for 12 h, and mounted on aluminum stubs 
using double-sided carbon tape. For drying, the samples were kept for 48 h on silica 
and subsequently coated with 30-to-40-nm gold film. Images were captured using a 
LEO VP 435 scanning electron microscope at an accelerating voltage of 20 kV and 
12.0 mm working distance. 
 
 
3.2.3 Effect of temperature on mycelial growth of Colletotrichum species in vitro 
 
 
 For each isolate, plugs of 5 mm diameter containing fungal structures were 
obtained from the edge of an actively growing eight-day-old colonies and transferred 
to the centre of Petri dishes containing PDA (39 g L-1, Himedia®, Curitiba, Brazil). 
The isolates were incubated at 5, 10, 15, 20, 25 and 30 ± 1 °C and in a photoperiod 
with 12 h of light. The experimental design was completely randomized, with four 
replicates per treatment. The evaluation of the experiment was performed daily for 7 
days by measuring the perpendicular diameter of colonies with the aid of a caliper. 
 
 




 The surface of the fruit was desinfested by immersion in 70% alcohol for 1 
minute and then in 0.5% sodium hypochlorite for 2 minutes. Thereafter, it was 
washed with sterile distilled water and dried at room temperature for 4 h. 
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 The fruits were placed individually in sterilized plastic containers containing 
moistened filter paper with sterile distilled water. Inoculation was performed with and 
without wounding through two methods: (i) 40 µL of conidial suspension at 104 
conidia mL-1 in the equatorial region of the fruit and (ii) with mycelial plugs (5 mm) 
obtained from the edges of eight-day-old colonies. Fruits treated only with distilled 
water, following the method described above, were used as controls. 
 After inoculation, the fruits were incubated in growth chambers (Conviron®) at 
25 °C and with a photoperiod with 12 h of light. The incubation and latent periods, the 
incidence of fruit with symptoms and the diameter of each lesion were evaluated 
daily until the first lesion reached the diameter of the fruit. The experimental design 
was completely randomized with 6 replicates per treatment, with each experimental 
unit represented by a fruit.  
 
 




 Apple trees of Gala cultivar were kept in a greenhouse and the leaves were 
inoculated by conidial spray at 104 conidia mL-1 using a manual atomizer (Guarany, 
São Paulo, Brazil). After inoculation, the plants were transferred to growth chambers 
(Conviron®) at 24 °C and a photoperiod of 12 h light and were covered with plastic 
bags sprayed with water. These were attached to the vase with elastic, forming a 
moist chamber, and maintained for 24 h. The experimental design was completely 
randomized with 5 replicates per treatment; each experimental unit was represented 
by a plant containing 15 leaves. The incubation period and the severity of GLS 20 
days after inoculation were evaluated.  
 Detached leaves of the Gala and Eva cultivars were obtained from commercial 
orchards 20 days after sprouting, washed in sterile distilled water and kept in Petri 
dishes containing agar-agar medium. The leaves were inoculated by conidial spray at 
104 conidia mL-1 using a manual atomizer. After inoculation, the plates containing the 
leaves were incubated in BOD chambers at 24 °C and a photoperiod of 12 h light. 
The experimental design was completely randomized, with 5 replicates per 
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treatment; each experimental unit was represented by a plate containing a leaf. The 
incubation period and the severity of GLS were evaluated 20 days after inoculation.  
 
 
3.2.6 Data analysis 
 
 
 The conidial germination data at different temperatures were used to calculate 
the percentage germination of each isolate, and the mean germination percentages 
were compared at each tested temperature. Mycelial growth data were used to 
compare the isolates after 7 days of incubation. The averages of mycelial growth 
were compared at 25 °C. For the analysis of pathogenicity on fruits, the diameter 
data 2 to 3 weeks after inoculation were used for fruits with and without wounds, 
respectively. The means were compared between isolates inoculated by the two 
methods in fruits of Gala and Eva.  
 The homogeneity of variance were verified by Bartlett test, and the data were 
subjected to analysis of variance (ANOVA) to verify the effect of treatments by F test 
for all tests. When the test was significant the means were compared by Scott-Knott 
test (p<0.05). Data were not transformed for statistical analysis in any of these 
experiments. All analyses were performed using the software R (R Core Team). 
For mycelial growth data, the minimum, optimum and maximum temperatures 
were also determined, considering the area under the curve of mycelial growth 
(AUCMG) of each isolate. For this, the data were adjusted to the generalized beta 
function by Bassanezi et al. (1998): 
YT = Yopt 	 T − TminTopt − Tmin
	  ∗ 	 Tmax − TTmax − Topt

 
where T is the temperature, Y is the component (AUCMG), Tmin is the minimum 
temperature, Topt is the optimum temperature, Tmax is the maximum temperature 
and B3 is a parameter that influences the temperature around the optimum. The 
means of Tmin, Topt and Tmax were compared between complexes by t test 
(p<0.05). 
 All tests were performed twice. As no significant difference was observed 
between the trials, the statistical analyses were performed with the means of the 
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treatments in the two trials of each experiment. There were no transformation data 
for statistical analysis in any of these experiments. All analyses were performed using 








 At 10 °C, the species belonging to the Cgc showed germination above 50%, 
whereas for species that belong to the Cac, germination was less than 40%. At 20 
°C, species belonging to the Cgc showed germination above 95%, and species 
belonging to the Cac showed germination lower than 83%. Significant differences in 
the percentage of conidial germination that differentiated species complexes were 
not observed at other temperatures. At 10 °C, all isolates still germinated, with the 
exception of C. melonis. At 30 °C, all isolates germinated, and the germination 
percentage was higher than 90% for C. melonis, C. fructicola and C. siamense. The 
species C. paranaense showed lower germination at all temperatures and did not 
exceed 37% (Table 2). 
  
 
3.3.2 Effect of temperature on the mycelial growth of Colletotrichum species in vitro 
 
 
 The minimum temperature for the development of colonies on PDA by species 
of the Cac was significantly lower than the minimum temperature for the development 
of colonies by the Cgc. The average minimum temperature was 0.4 °C for species of 
the Cac and 4 °C for species of the Cgc. The maximum temperature for the 
development of colonies on PDA by species belonging to the Cac was also lower 
than that for the development of Cgc colonies. The average maximum temperature 
was 32.4 °C for species of the Cac and 38 °C for species of the Cgc (Table 3). 
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 The optimum temperature for development was between 22 and 24 °C for 
species belonging to the Cac and between 25 and 26 °C for species belonging to the 
Cgc. The average optimum temperature was 23.8 °C for species belonging to the 
Cac and 25.6 °C for species belonging to the Cgc. The best temperature range for 
the development of colonies belonging to the Cac was 23.3 to 24.3 °C, and for the 
Cgc, it was 24.5 to 26.8 °C (Table 3). 
 The species of the Cgc developed significantly larger colonies on PDA 
medium after seven days at 25 °C than the species of the Cac. The maximum 
average diameter was 3.51 cm for C. nymphaeae, 3.06 cm for C. paranaense, 2.75 
cm for C. melonis, 5.34 cm for C. siamense and 5.05 cm for C. fructicola (Fig. 1). 
 
 
3.3.3 Germination and appressorium formation in leaf and fruit surface of Gala  
 
 
 The germination of conidia was observed on the abaxial and adaxial sides of 
the leaves 6 h after inoculation (Data not shown), as was the formation of 
appressoria 24 h after inoculation (Fig. 2a - 2e). On wounded fruits, C. nymphaeae 
and C. paranaense had germinated conidia 6 h after inoculation (data not shown), 
and 24 h after inoculation, all five species showed appressorium formation (Fig. 2f - 
2j). In non-wounded fruit, conidial germination was not observed for any of the five 
species 24 h after inoculation (Data not shown). 
 
 
3.3.4 Pathogenicity of Colletotrichum species on apple fruits of Gala and Eva  
 
 
 All species of Colletotrichum inoculated by spore suspensions or mycelial 
plugs into apple fruits of the Gala and Eva cultivars caused BR symptoms on 
wounded fruit. On wounded fruit of Eva, the lesion average of BR after 2 weeks 
showed no significant difference between the species when inoculated with 
suspensions of conidia, but the averages were significantly different when fruits of 
the Gala and Eva cultivars were inoculated with mycelial plugs and when Gala fruits 
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were inoculated with suspensions of conidia, with the highest lesion average being 
found in fruit inoculated with C. nymphaeae. In non-wounded fruits the average 
lesion sizes of BR after 3 weeks showed no significant difference among the species 
when inoculated with mycelial plugs in Gala cultivar and with suspensions of conidia 
in Eva cultivar. However, the averages were significantly different when fruits of the 
Gala and Eva cultivars were inoculated with a suspensions of conidia and mycelial 
plugs, respectively, with the highest average lesion being found in fruits inoculated 
with C. siamense (Table 4). 
 The BR progress curves do not have a strong fit when compared to the 
different species of Colletotrichum (Fig. 3). In this case, the models are complex and 
very sensitive to variations and do not converge, thus making it impossible to 
compare epidemiological parameters.  
 The incubation period (IP) of BR on wounded fruits of the Gala and Eva 
cultivars inoculated with conidial suspensions or mycelial plugs ranged from 2 to 5 
days. On non-wounded Gala fruits, the IP ranged from 15 to 25 days. On non-
wounded Eva fruits, the IP ranged from 5 to 17 days.  
 In wounded fruits, only C. nymphaeae and C. paranaense sporulated on fruit 
of  lesions of Gala and Eva, and the latent period (LP) ranged from 6 to 21 days. In 
non-wounded fruits, only C. nymphaeae sporulated on lesions in Eva cultivar, with a 
latent period of 20 days, and C. paranaense sporulated on BR lesions in Gala, with a 
latent period of 33 days. The other species did not sporulate, or sporulation occurred 
on less than 50% of the fruits. 
 
 




 C. fructicola caused symptoms on detached leaves from Gala after 2 days of 
incubation at 24 °C. C. nymphaeae and C. siamensis caused symptoms on detached 
leaves from Gala after 3 days of incubation at 24 °C; however, only lesions caused 
by C. fructicola were visible without a lens. Lesions caused by C. nymphaeae and C. 
siamensis were characterized by millimetre-scale lesions that were visible only in the 
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stereomicroscope and did not evolve in size up to 20 days after inoculation. C. 
paranaense and C. melonis did not cause GLS symptoms (Fig. 4). 
 The only species that caused symptoms of GLS in Gala leaves and on 
detached leaves of Eva was C. fructicola (Fig. 5). In leaves of Gala inoculated with 
spore suspensions, the average severity of the disease was 17.98% in experiment 1 
and 20.35% in experiment 2, and the IP was 2 days in both experiments. In detached 
leaves of the Eva cultivar inoculated with conidial suspensions, the average severity 
of the disease was 22.23% in experiment 1 and 25.12% in experiment 2, and the IP 
was 3 days in both experiments. During the assessment period of the experiments, 






 Colletotrichum species isolated from apple had optimal conidial germination at 
temperatures between 20 and 25 °C.  On leaves, although all species formed 
appressoria on abaxial and adaxial surfaces, only C. nymphaeae, C. fructicola and C. 
siamense caused symptoms after 2-3 days on detached leaves of Gala, as observed 
using a stereomicroscope. Only C. fructicola caused symptoms observable by the 
naked eye. This same species also caused symptoms on leaves of Eva, reported as 
resistant to the pathogen (FURLAN et al., 2010). This cultivar is planted in warmer 
regions, and reports on the existence of symptoms of GLS in orchards are 
increasing. There were no previous official reports about the occurrence of GLS in 
Eva cultivar; therefore, this is the first official report of GLS symptoms occurring in 
this cultivar.  
 Colletotrichum species exhibit different growth rates, depending on the 
incubation temperature. Species of the Cgc developed significantly larger colonies at 
25 °C on PDA than species of the Cac. In tests conducted by Velho et al. (2015), C. 
fructicola isolates grew faster at 25 °C compared with other species. Moreover, in 
general, colonies of C. melonis and C. nymphaeae that belong to the Cac grew to a 
smaller size than C. fructicola, C. karstii and C. theobromicola that belong to the Cgc. 
In fact, the growth rates of C. acutatum isolates from different fruits, including apple, 
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are generally slower at all temperatures compared to isolates of C. gloeosporioides 
(WHARTON and DIEGUEZ-URIBEONDO, 2004).  
 The optimum temperature for the development of colonies in PDA varied from 
22 to 24 °C for species of the Cac and from 25 to 26 °C for species belonging to the 
Cgc. The average optimum temperature was 23.8 °C for species belonging to the 
Cac and 25.6 °C for species belonging to the Cgc. A similar result was obtained by 
Grahovac et al. (2012), who reported that the optimal growth temperatures for 
isolates belonging to the Cac and Cgc were between 23 and 28 °C. According to 
Freeman et al. (1998) these differences in the growth rate and optimum growth 
temperature are not always a safe criterion for identifying species. The same author 
stated that the use of species-specific primers for PCR amplification is the most 
appropriate tool for differentiating between complexes of Colletotrichum.  
 The five species of Colletotrichum formed appressoria on the surface of 
wounded fruits 24 h after inoculation, and all species caused BR symptoms on fruit of 
Gala and Eva when inoculated with conidial suspensions or mycelial plugs. Despite a 
much longer period of incubation, most species also cause symptoms of BR on non-
wounded fruits. The same was observed by Velho et al. (2015), who inoculated fruits 
of Gala with five species of Colletotrichum: C. melonis, C. fructicola, C. nymphaeae, 
C. karstii and C. theobromicola, and all were pathogenic to wounded fruits, producing 
typical symptoms of BR. It is known that wounds increase the success of 
Colletotrichum infection and disease severity (DENARDI et al., 2003; PHOULIVONG 
et al., 2012). Additionally, wounds can increase the infectivity of C. fructicola in fruits 
of pear (JINGJING et al., 2014). However, some fungi produce a variety of enzymes 
that degrade the cuticle and the cell wall and can infect plants without wounds (LIAO 
et al., 2012). Isolates that are unable to infect non-wounded fruits are often deficient 
in these enzymes. Therefore, a study of enzymatic activity in the infection of apple by 
Colletotrichum spp. is a challenge for future research. 
 Also according to Velho et al. (2015), symptoms appear after 3-4 days in 
wounded fruits and after 5-6 days in non-wounded fruits. Similar results were found 
in this study, where the BR incubation period in Gala and Eva ranged from 2 to 5 
days in inoculated fruits with wounds. However, in non-wounded fruits, the IP was 
much higher, being 15 to 25 days in Gala fruits and 5 to 17 days in Eva fruits. 
 In the present study, only Cac (C. nymphaeae, C. paranaense) had 
sporulation on lesions, with the LP ranging from 6 to 21 days in wounded fruits and 
33 
 
from 20 to 33 days in non-wounded fruits. Velho et al. (2015) observed sporulation in 
fruits inoculated with Cac (C. nymphaeae, C. melonis) and with Cgc (C. fructicola). 
Munir et al. (2016) observed more spores in fruits inoculated with the Cac than those 
fruits inoculated with the Cgc.  
 The IP of GLS caused by C. fructicola was 2 days for both cultivars, and 
similar result was observed by Velho et al. (2015), who reported symptoms in Gala 
leaves 2-3 days after inoculation. These authors also observed symptoms of GLS 
only when C. fructicola was inoculated. According to Lakshmi et al. (2011), C. 
gloeosporioides isolates were more pathogenic when obtained from mango fruit than 
from leaves due to the types of enzymes produced.  According to Gonzalez et al. 
(2006), only a limited number of genotypes can cause GLS. This may indicate that 
different parts of the plant can act selectively on the specialization of organs in 
relation to resistance to the pathogens (DOYLE et al., 2013). Expanding the capacity 
of dual infection may provide an opportunity for the pathogen to survive during 
adverse periods in orchards (LAKSHMI et al., 2011).  
 According to the results obtained in this work, for the management of BR and 
GLS, it is relevant to know the frequency of each species within each species 
complex. Similar results were obtained by Munir et al. (2016) who reported the 
importance of accurate identification of Colletotrichum species within each species 
complex since they exhibit differences in pathogenicity, and the most aggressive 
species was C. siamense. These authors concluded that species testing for 
pathogenicity was important only in fruits (BR); in our study, we confirmed the 
differences on fruit and on leaves (GLS).  
 In the future epidemiological studies are necessary to promote to verify the 
relevance of the behaviour of these complexes or even species under field conditions 
in Brazil and in other countries. Knowledge of the molecular and biochemical 
behavior of Colletotrichum isolates in causing symptoms of BR and GLS are 
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TABLE 1. Description of the isolates of Colletotrichum spp. sampled for this study 
from apple (Malus domestica) leaves according to the year of isolation, origin and 
cultivar. 
Complex Species** Code Year Origin* Cultivar 
Cac 
C. nymphaeae Col15 2010 SP Gala 
C. paranaense Col19 2010 PR Gala 
C. melonis Col31 2010 RS Gala 
      
Cgc 
C. fructicola Col33 2010 RS Gala 
C. siamense Col146 2011 SP Gala 
*SP= São Paulo State, PR= Parana State and RS= Rio Grande do Sul State. 
**All Colletotrichum species were identificated by Bragança, 2013. 









TABLE 2. Conidial germination (%) of the Colletotrichum species isolated from apple 
(Malus domestica) leaves after 24 h at different temperatures.  
Complex Species 
Germination (%)* 
  10 °C 
               
15 °C 20 °C 25 °C 30 °C 
Cac 
C. nymphaeae 39.99 c 51.11 b 68.89 b 80.00 a 45.56 b 
C. paranaense 15.55 d 21.11 c 26.67 c 36.66 b 24.45 c 
C. melonis 0.00 e 87.78 a 82.22 b 96.67 a 91.11 a 
            
Cgc 
C. fructicola 72.22 a 95.56 a 95.57 a 95.56 a 91.11 a 
C. siamense 54.44 b 92.22 a 96.67 a 84.45 a 100.00 a 
* Original data, without processing; means followed by different letters in a column differ significantly 







TABLE 3. Minimum, maximum and optimum temperature (°C) for mycelial growth of 
Colletotrichum species causing bitter rot on apple (Malus domestica) and optimal 
temperature and range of temperature for mycelial growth in PDA for 7 days. 
Complex Species 
Temperature (°C)* 
Minimum Average Maximum Average Optimum 
Average opt. 
and 
min.** max.** Great range** 
Cac 
C. nymphaeae 1.33 
0.44  B 
31.33 
32.44  B 
22.36 23.81  A 
C. paranaense 0.00 31.33 24.92 23.32 - 24.31 
C. melonis 0.00 34.66 24.41 
        
Cgc 
C. fructicola 4.00 
4.00  A 
38.00 
38.00  A 
26.07 25.62  A 
C. siamense 4.00 38.00 25.01 24.47 - 26.79 
* Temperatures obtained by adjustment of generalized beta function (Bassanesi et al., 1988) fitted to 






TABLE 4. Lesion diameter (mm) of bitter rot in wounded (w) fruits at 2 weeks after 
inoculation and in non-wounded (nw) fruits at 3 weeks after inoculation of Gala and 
Eva with a conidial suspension or mycelial plugs obtained from Colletotrichum apple 
(Malus domestica) isolates and maintained at 25 °C. 
Complex Species 
Mycelial Inoculation Conidia Inoculation 
Gala Eva Gala Eva 
w nw w nw w nw w nw 
Cac 
C. nymphaeae 49.38 a 0.00 a 46.67 a 1.99 b 44.35 a 0.00 b 50.22 a 30.04 a 
C. paranaense 43.39 a 12.30 a 50.06 a 0.00 b 31.80 b 0.00 b 50.65 a 7.75 a 
C. melonis 43.66 a 20.64 a 31.10 b 8.02 b 26.60 b 0.00 b 35.06 a 0.00 a 
                  
Cgc 
C. fructicola 31.99 b 0.00 a 6.73 c 0.00 b 16.82 b 0.00 b 37.02 a 6.19 a 
C. siamense 32.35 b 10.42 a 36.58 b 56.41 a 31.35 b 20.50 a 42.20 a 26.96 a 
 * Original data without processing; means followed by different letters in a column differ significantly 










FIGURE 1. Colonies of Colletotrichum species causing bitter rot on apple (Malus 
domestica) growing in PDA medium after 7 days at 25 °C. The value above the 
colonies is the mycelial growth in centimetres. Original data without processing; 
means followed by different letters differ significantly by the Scott-Knott test at 5% 
probability. 
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FIGURE 2. Scanning electron microscopy of 
cultivar inoculated with 
fructicola (d) and C. siamense
electron microscopy of 
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FIGURE 3. Bitter rot progression curves for wounded fruits (w) and non
fruits (nw) of Gala and Eva 
mycelium plugs of Colletotrichum
 
 
FIGURE 4. Detached leaves of Gala 
nymphaeae (a), C. paranaense
(e) and observed through stereoscopic microscope 3 days after inoculation. 
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FIGURE 5. Detached leaves of Gala (a) and Eva (b) cultivars with glomerella leaf 



























4 CAPÍTULO II - LOW SENSITIVITY OF COLLETOTRICHUM SPECIES TO 
MANCOZEB AND THIOPHANATE-METHYL EXPLAINS THE DIFFIC ULTIES 
OF CONTROLLING GLOMERELA LEAF SPOT ON APPLE TREES I N BRAZIL 
 
Glomerella leaf spot (GLS) on apples is caused by the Colletotrichum acutatum 
complex (Cac) and the Colletotrichum gloeosporioides complex (Cgc). The control of 
GLS is difficult due to the rapid development of the disease, with an incubation period 
of only two days under favorable conditions. Due to this, producers make successive 
fungicide sprays per season but control failures have been commonly reported in 
Brazil.  The objectives of this study were: (i) to study the fungicide sensitivity of 
Colletotrichum isolates associated with GLS in different apple-producing states of 
Brazil on Gala and Eva cultivars, (ii) to evaluate the susceptibility of isolates from 
different parts of apple plants in selected orchards, and (iii) to classify a 
subpopulation according to resistance levels based on the EC50 values of mancozeb 
and thiophanate-methyl and to propose and rethink recommended strategies for 
managing this pathosystem. The Colletotrichum spp. isolates showed different 
responses to mancozeb and thiophanate-methyl. The sensitivity distribution varied 
between isolates from the different parts of the plant, the different states and different 
cultivars, and in many cases, sensitivity was reduced or non-existent. The high value 
of resistance factor detected in this work to mancozeb could be the main reason for 
the reduction of disease control observed by the producers. 
 
 
Keywords: Species complex, protective fungicides, systemic fungicides, fungicide 



















4 CAPÍTULO II - BAIXA SENSIBILIDADE DE ESPÉCIES DE Colletotrichum A 
MANCOZEBE E TIOFANATO-METÍLICO EXPLICA AS DIFICULDA DES NO 
CONTROLE DA MANCHA FOLIAR DE GLOMERELA EM MACIEIRAS  NO 
BRASIL 
 
A mancha foliar de Glomerella (MFG) em macieira é causada por espécies do 
gênero Colletotrichum. O controle da MFG é difícil devido ao rápido desenvolvimento 
da doença, com período de incubação de apenas dois dias em climas favoráveis. 
Devido a isso, os produtores fazem muitas aplicações de fungicidas por colheita e 
falhas de controle têm sido comumente relatadas no Brasil. Os objetivos deste 
estudo foram: (i) estudar a sensibilidade aos fungicidas dos isolados de 
Colletotrichum associados à MFG em diferentes estados produtores de maçã do 
Brasil e nas cultivares Gala e Eva, (ii) avaliar a sensibilidade a fungicidas de isolados 
de diferentes partes de plantas de maçã e, (iii) classificar uma subpopulação de 
acordo com os níveis de resistência com base na CE50 dos fungicidas mancozebe e 
tiofanato-metílico e propor e repensar as estratégias recomendadas para o manejo 
desta doença. Isolados de Colletotrichum spp. mostraram respostas diferentes aos 
fungicidas mancozebe e tiofanato-metílico. A distribuição de sensibilidade variou 
entre isolados das diferentes partes da planta, dos diferentes estados e das 
diferentes cultivares e, em muitos casos, a sensibilidade foi reduzida ou inexistente. 
O alto valor do fator de resistência detectado neste trabalho para o mancozeb 
poderia ser o principal motivo para a diminuição do controle de doenças observado 
no campo pelos produtores. 
 
 
Palavras-chave: Complexo de espécies, fungicidas protetores, fungicidas sistêmicos, 



















 The genus Colletotrichum is one of the most important plant pathogens 
causing anthracnose on the fruit and leaves of a broad range of hosts, both in 
tropical and subtropical regions (SUTTON et al., 1992; CANNON et al., 2012). On the 
apple (Malus domestica Borkh.), this pathogen causes Glomerella leaf spot (GLS) 
and bitter rot (BR), which overlaps with its epidemiological characteristics 
(GONZALEZ et al., 2006). Several species of the genus Colletotrichum cause these 
diseases and belong to the complex C. gloeosporioides, C. acutatum and C. 
boninense (BRAGANÇA et al., 2016; VELHO et al., 2015). 
 GLS is a foliar disease that was first reported in 1970 in the USA (TAYLOR, 
1971), remaining economically unimportant until it caused serious outbreaks of the 
disease in apple orchards in 1998 (GONZALEZ and SUTTON, 2004). In Brazil, GLS 
appeared in 1983, and over the years, its intensity increased continuously being 
nowadays one of the main diseases affecting orchards in the southern region 
(SUTTON and SANHUEZA, 1998; MOREIRA et al., 2014; MOREIRA and MAY DE 
MIO, 2015). GLS symptoms appear on leaves with purple-red spots that usually 
evolve into irregular necrotic lesions between 7 and 10 days and often turn yellow 
and fall (HAMADA et al., 2013; ARAUJO and STADNIK, 2013). In fruits, the 
pathogen may cause small brown slightly depressed spots (1-3 mm) that do not 
increase in size over time (SUTTON and SANHUEZA, 1998). Apple cultivars 
descending from the 'Golden Delicious' group, such as the cv. Gala, are highly 
susceptible to this disease (ARAUJO et al., 2014). In addition, symptoms have been 
observed in the Eva cultivar, which is reported to be resistant, and isolates of this 
cultivar were obtained (FURLAN et al., 2010). 
 BR is a disease that attacks apple fruit and occurs in most countries where 
apple trees are grown (SHI et al., 1996; GONZÁLEZ and SUTTON, 2004; ZHANG et 
al., 2008; ALANIZ et al., 2012). It has a greater destructive potential than any other 
rot in the apple and can result in losses up to 50% in pre- and post-harvest (SUTTON 
et al., 1992). The typical symptoms of BR are light-brown lesions that grow over time 
and become depressed and dark brown (TAYLOR, 1971) with abundant sporulation. 
All apple cultivars are susceptible to BR, but the losses are higher in those belonging 
to the late harvest group, such as Granny Smith, Pink Lady, and Fuji (DENARDI et 
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al., 2003). BR was first described in England in 1856 and a decade later in the USA 
(TAYLOR, 1971). In Brazil, the disease appeared in the 1970s, when commercial 
apple production was introduced in the country (DENARDI et al., 2003). The 
diseases are often observed in the subtropics where rainy and warm weather favours 
the spread of conidia and the development of symptoms. 
  The control of the GLS and BR is difficult due to the rapid development of the 
disease; the incubation period under favourable conditions is only two days (LEITE et 
al., 1988; MOREIRA and MAY DE MIO, 2015). Given the combination of the rapid 
onset of symptoms and the favorable climate for the development of the disease, 
especially in subtropical climates, the most effective fungicides are only protectants. 
In general, sprays are made preventively every 5-10 days or after each 25 mm rain 
event, from budburst to harvest (KATSURAYAMA and BONETTI, 2009). In more 
favorable climates, such as the state of Paraná, spraying is extended until the 
autumn to avoid early defoliation of the plant and to ensure shooting and production 
in the following year (HAMADA et al., 2012). This fungicide regime results in a large 
number of sprays, with an average of 21 applications per season of protective 
fungicides such as dithiocarbamates (mancozeb, maneb, propineb) and up to 8 
applications per season of systemic fungicides such as methyl benzimidazole 
carbamates (thiophanate-methyl). 
 The use of protective fungicides carries a low risk of pathogen resistance by 
having a broad spectrum of action that does not interfere in a specific metabolic 
process of the fungus (BRENT and HOLLOMON, 2007). However, there are reports 
of Colletotrichum spp. being resistant to mancozeb in vitro in some fruits such as 
mango (KUMAR et al., 2007; SUVARNA et al., 2009) and citrus (LING et al., 2010). 
The mancozeb resistance reports were conducted on mycelial growth and not on the 
inhibition of the germination of conidia, which would be more appropriate for this 
group of fungicides (ISHII, 2015). 
 Systemic fungicides have high specificity and therefore have a greater risk of 
selecting resistant individuals. The group of dimethyl benzimidazole carbamates act 
specifically on the synthesis of the tubulin molecule by inhibiting the binding of 
microtubules that form the mitotic spindle (WHEELER et al., 1995). Several reports 
regarding dimethyl benzimidazole carbamate resistance are found in the literature, 
including resistance of Colletotrichum spp. in citrus (PERES et al., 2004), pear 
(KANEKO et al., 2010; TASHIRO et al., 2012) and apple (HAMADA et al., 2009). 
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 The fungicides used to control BR and GLS usually do not have good efficacy 
with high inoculum pressure, a situation that is common in very rainy years and at 
higher temperatures (BONETI et al., 2004; HAMADA et al., 2012). Overall, the 
disease becomes more difficult to control during harvest, when it is necessary to 
reduce or eliminate sprays. There are also frequent reports of producers using higher 
doses than those recommended for mancozeb in an attempt to improve control 
(HAMADA et al., 2012). Because of the difficulty to control this disease and because 
the associated species of different complexes have different sensitivities to 
fungicides, it is necessary to study the fungicide sensitivity of pathogen populations in 
different apple-producing areas of Brazil. The sensitivity of current populations 
compared to susceptible isolates and evidence of control failure or practical 
resistance can guide new strategies for the management of these diseases. 
 The objectives of this study were: (i) to study the fungicide sensitivity of 
Colletotrichum isolates associated with GLS in different apple-producing states of 
Brazil and in Gala and Eva cultivars, (ii) to evaluate the susceptibility of isolates from 
different organs of apple in selected orchards, and (iii) to classify a subpopulation 
according to resistance levels based on the EC50 of mancozeb and thiophanate-










 In all, 186 isolates of Colletotrichum spp. were recovered during 2010 and 
2011 from symptomatic leaves (SL), dormant buds (DB), dormant twigs (DT), flowers 
(FL), and fallen leaves collected on the ground (FLG). The isolates from symptomatic 
leaves came from the states of Paraná (n = 38), Santa Catarina (n = 38), Rio Grande 
do Sul (n = 6) and São Paulo (n = 28) (Table 1). The isolates from dormant buds (n = 
24) and twigs (n = 22), flowers (n = 6), and fallen leaves (n = 24) came from a 
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commercial orchard located in the municipality of Campo Largo/PR. The 
Colletotrichum isolates were single spored on PDA and stored dry on filter paper at -
20 °C in the culture collection of the Federal University of Paraná, in Curitiba, Brazil. 
 
 
4.2.2 Sensitivity distribution of Colletotrichum spp. associated with GLS 
 
 
The 186 isolates (2010-2011) of Colletotrichum spp. were tested for their 
sensitivity to mancozeb (Dithane® 80% WP, Dow AgroSciences Industrial Ltda.) and 
thiophanate-methyl (Cercobin® 70% WP, IHARABRAS S.A.) by measuring mycelial 
growth. Both mancozeb and thiophanate-methyl were dissolved in sterile water, 
adjusted to a concentration of 10,000 μg mL-1 for the stock solution, added at 
different amounts to a potato-dextrose-agar (PDA) medium (40 °C) after sterilization, 
resulting in concentrations of 1,000 μg mL-1 for mancozeb and in concentrations of 1 
and 100 μg mL-1 for thiophanate-methyl. 
Each isolate was grown on PDA at 25 °C for 7 days. Mycelial disks (3 mm 
diameter) were removed from the borders of the colonies and transferred to PDA 
medium supplemented with fungicide. Four replicates were performed per isolate per 
active ingredient per concentration. The plates were kept at 25 ° C in the dark for 5 
days to verify the mycelial growth of the isolates with daily measurements on the 
orthogonal axes of the colonies. 
 The sensitivity distributions of Colletotrichum spp. for mancozeb and 
thiophanate-methyl were analysed by plotting the densities and accumulated 
frequencies of the colonies diameters after 5 days of incubation. First, the isolates 
from different parts of the apple tree were compared (symptomatic leaves, dormant 
buds, dormant branches, flowers, and fallen leaves on the ground) and then the three 
different origins (São Paulo, Paraná and Santa Catarina) and then the cultivars (Gala 
and Eva). Changes in density curves were analysed with two samples of the 
Kolmogorov-Smirnov test. The non-parametric Kolmogorov-Smirnov test compared 
the cumulative frequency distributions of the two sets of data at a time and returned 
the maximum difference between the distributions. Differences in population 
sensitivity were verified with a Welch t-test and were considered significant at P < 
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0.05 (R Development Core Team, 2010).   
 
 
4.2.3 Determination of EC50 of Colletotrichum spp. associated with GLS 
 
 
A sample of isolates, which comprised the different apple-producing states, 
the different parts of the plant, and the different cultivars was chosen at random and 
submitted to different concentrations of mancozeb and thiophanate-methyl. The 
sensitivity to mancozeb was evaluated by the mycelial growth method and by the 
conidial germination method, and the sensitivity to thiophanate-methyl was evaluated 
only by the mycelial growth method.  
For each fungicide, a stock suspension of 10,000 μg mL-1 was added in 
different amounts to PDA or agar-water medium (AW) (40 °C) after sterilization. The 
concentrations of mancozeb and thiophanate-methyl for the mycelial growth method 
were 0.0, 12.5, 50.0, 200.0, 400.0, 800.0 and 1,600.0 µg mL-1; the concentrations of 
mancozeb for conidial germination were 0.0, 0.03, 0.10, 0.30, 1.0, 3.0, 10.0 and 30.0 
µg mL-1. 
For mycelial growth, each selected isolate was grown in PDA at 25 °C for 7 
days. Mycelial disks (3 mm diameter) were removed from the borders of the colonies 
and transferred to PDA medium supplemented with fungicide. Three Petri dishes 
(repetitions) were made for each isolate subjected to each active ingredient and 
concentration and incubated at 25 °C in the dark for 5 days. For evaluation, two 
measurements were made on the orthogonal axes of the colonies. 
 For the conidial germination method, fungal suspensions were adjusted to 104 
conidia mL-1. Aliquots of 40 μL of each suspension were pipetted and deposited in 
polystyrene petri dishes containing AW supplemented with fungicide and spread over 
the medium. Three Petri dishes (repetitions) were made per treatment and incubated 
at 25 °C in the dark for 12 hours. To facilitate the evaluation, the germination process 
was stopped after 12 hours by adding lactoglycerol to the culture medium containing 
each conidial suspension. The first 100 conidia found on each plate were evaluated 
and viewed on a light microscope at 40x magnification. The conidia were considered 
germinated if they had a germ tube of size equal to or superior to its length. 
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For each concentration of each active ingredient tested, the inhibition of 
mycelial growth (I) and the inhibition of the germination of each isolate was 
calculated by I = (Ct-Cx)/Ct x 100, where Ct is the mean mycelial growth or mean 
germination of the control (without fungicide) and Cx is the mean mycelial growth or 
mean germination of the isolate x. The dose values were transformed into log10 and 
linear regression equations were adjusted using the transformed values. The EC50 
value of each active ingredient tested was calculated from the corresponding regression 
equation of each isolate, where the regression coefficient was significant at P < 0.05 (R 
Development Core Team, 2010).  
For mancozeb, the isolates were classified according to Ishii (2015), where 
isolates with a resistance factor (RF) > 20.0 µg mL-1 were considered highly resistant 
(HR), and a RF between 10.1 and 20.0 µg mL-1 is considered resistant (R), an RF 
between 5.1 and 10.0 µg mL-1 is considered moderately resistant (MR), an RF 
between 1.6 and 5.0 µg mL-1 is considered low resistance (LR), and an RF between 
0.0 and 1.5 µg mL-1 is considered sensitive (S).  
 For thiophanate-methyl, the isolates were classified according to Chung et al. 
(2006), where isolates with EC50 > 500 µg mL
-1 were considered highly resistant (HR), 
and an EC50 between 100 and 500 µg mL
-1 is considered resistant (R), an EC50 
between 10 and 100 µg mL-1 is considered moderately resistant (MR), and an EC50 < 
10 µg.mL-1 is considered sensitive (S). 
In addition, desinfested Gala fruit with wounds were sprayed with both 
fungicides separately at the dose used in the field (500.0 µg mL-1 for thiophanate-
methyl and 1,600.0 µg mL-1 for mancozeb) and inoculated after 24 hours with an 
aliquot of 40 μL of suspensions adjusted to 104 conidia mL-1 of each isolate. Fruits 
not treated with fungicide but inoculated with conidial suspensions of each isolate 
were used as control. The tests were incubated at 25 °C in a 12-hour photoperiod. 
The symptoms were evaluated after 7 days of incubation in 3 fruit per fungicide per 








4.3.2 Sensitivity distribution of Colletotrichum spp. associated with GLS 
 
 
 The distribution of the sensitivity of the Colletotrichum isolates to mancozeb 
and to thiophanate-methyl showed that the isolates from the different parts of the 
apple tree differed according to the statistic D and their corresponding P-values (Fig 
1). For mancozeb the isolates from FLG had higher density in larger diameters (Fig 
1a) and differed from all the other parts of the apple tree (Fig 1d). For thiophanate-
methyl the isolates from FLG had higher density in larger diameters (Fig 1b, 1c) and 
differed from all the other parts of the apple tree (Fig 1e, 1f). For mancozeb 
significant differences in colony diameter were observed between the different parts 
of the apple tree except between DT and FL (P= 0.761) and between FLG and SL 
(P= 0.101; Table 2). For thiophanate-methyl (1 μg mL−1) significant differences in 
colony diameter were observed between the different parts of the apple tree except 
between DB and FL (P= 0.120), between FLG and DB (P= 0.261), between DT and 
SL (P= 0.801) and between FL and SL (P= 0.201; Table 2). For thiophanate-methyl 
(100 μg mL−1) significant differences in colony diameter were observed between the 
different parts of the apple tree except between DT and FL (P= 0.774), between FLG 
and DB (P= 0.869), between DT and SL (P= 0.179) and between FL and SL (P= 
0.143; Table 2). 
 The distribution of the sensitivity of the Colletotrichum isolates to mancozeb 
showed that all the states and the two cultivars differed according to the statistic D 
and their corresponding P-values (Fig 2 and Fig 3). The PR population differed from 
the SC population (P = 1.3 x 10-10, D = 0.66) and from the SP population (P = 0.04, D 
= 0.35), and the SC and SP populations also showed a significant difference (P = 9.1 
x 10-7, D = 0.75; Fig 2d). The average colony diameter obtained for PR, SC and SP 
was 1.673, 2.414 and 1.681 cm, respectively (Table 3). Significant differences in 
colony diameter were observed between the PR and SC isolates (P = 3.96 x 10-8) 
and between the SC and SP isolates (P = 0.004) but not among the isolates of PR 
and SP (P = 0.973; Table 3).  
 Additionally, the population from Eva differed from those of Gala (P = 2.3 x 10-
9, D = 0.56; Fig 3d), and the average colony diameter obtained for Eva and Gala was 
1.383 and 2.028 cm, respectively (Table 4); additionally, a significant difference was 
observed in the diameter of the colonies between the isolates of the Eva and Gala 
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cultivars (P = 3.43 x 10-10; Table 4). 
 The distribution of the sensitivity of Colletotrichum isolates to thiophanate-
methyl at 1.00 μg mL-1 showed that only SP and SC and the two cultivars differed 
according to the statistic D and their corresponding P-values (Fig 2e and Fig 3e). 
However, all the states and the two cultivars differed with the dose of 100.00 μg mL−1 
(Fig 2f and Fig 3f).  
 At 1.00 μg mL-1 of thiophanate-methyl, only the SC population differed from 
the SP population (P = 0.01, D = 0.66; Fig 2e). The average colony diameter 
obtained for PR, SC and SP was 3.152, 3.659 and 2.824 cm, respectively (Table 3). 
Significant differences in colony diameter were observed between the PR and SC 
isolates (P = 0.006) and between the SC and SP isolates (P = 0.001) but not among 
the isolates of PR and SP (P = 0.110; Table 3).  
 Additionally, the population of the Eva cultivar differed from the population 
from Gala (P = 2.1 x 10-5, D = 0.45; Fig 3e), and the average colony diameters 
obtained for Eva and Gala were 2.669 and 3.385 cm, respectively (Table 4). A 
significant difference was observed in the diameter of the colonies between the 
isolates from Eva and Gala (P = 6.41 x 10-7; Table 4). 
 At 100.00 μg mL−1 of thiophanate-methyl, the PR population differed from the 
SC population (P = 0.03, D = 0.29) and from the SP population (P = 0.01, D = 0.34), 
and the SC and SP populations also showed a significant difference (P = 0.00, D = 
0.49; Fig 2f). The average colony diameter obtained for PR, SC and SP was 2.160, 
1.828 and 1.539 cm, respectively (Table 3). Significant differences in colony diameter 
were observed among the PR and SP isolates (P = 0.000) but not between the PR 
and SC isolates (P = 0.236) and between the SC and SP isolates (P = 0.306; Table 
3).  
 The population of the Eva cultivar differed from the population of the Gala 
cultivar (P = 4.7 x 10-5, D = 0.44; Fig 3f), and the average colony diameter obtained 
for Eva and Gala was 1.680 and 2.098 cm, respectively (Table 4). A significant 
difference was observed in the diameter of the colonies between the isolates of the 
Eva and Gala cultivars (P = 4.67 x 10-7; Table 4). 
  





 The frequency of resistance of Colletotrichum to thiophanate-methyl based on 
EC50 values obtained by mycelial growth at different doses was 64% highly resistant 
isolates, 9.6% resistant isolates, 19.4% moderately resistant isolates and 6.5% 
sensitive isolates (Table 5). Isolates classified as sensitive caused no BR symptoms 
in wounded fruits treated with the dose of thiophanate-methyl used in the field, 
isolates classified as moderately resistant caused small lesions, and isolates 
classified as highly resistant caused larger lesions (Fig 4). 
 The frequency of resistance of Colletotrichum to mancozeb based on EC50 
obtained by conidial germination at different doses was 14.3% highly resistant 
isolates, 7.1% resistant isolates, 35.7% moderately resistant isolates, 28.6% low 
resistance isolates and 14.3% sensitive isolates (Table 6). Isolates classified as 
sensitive or having low resistance caused no BR symptoms in wounded fruits treated 
with the dose of mancozeb used in the field, isolates classified as moderately 
resistant caused small lesions, and isolates classified as highly resistant caused 






The Colletotrichum spp. isolates showed different responses to mancozeb 
(both mycelium growth and conidial germination) and thiophanate-methyl (mycelium 
growth) fungicides. The sensitivity distribution varied between isolates from the 
different parts of the plant, states and cultivars, and in many cases, sensitivity was 
reduced or non-existent. The presence of resistance factor detected in this work to 
mancozeb could be the main reason for the reduced disease control observed in the 
field by the producers. 
Although the fungicide mancozeb is considered low risk for the development of 
pathogen resistance due to its protective characteristics and broad spectrum of 
action, many of the isolates tested in this work did not have their mycelial growth 
completely inhibited by high concentrations of this fungicide (1000 µg mL-1) in vitro, 
irrespective of the part of the plant, cultivar or state of origin. The low efficacy of 
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mancozeb in inhibiting the mycelial growth of Colletotrichum spp. was previously 
reported by Ferreira et al. (2009), who worked with C. gloeosporioides in coffee that 
had an EC50 > 1000 µg.mL
-1 and by Kumar et al. (2007), who observed C. 
gloeosporioides isolates from mango leaves that were insensitive to up to 1000 µg 
mL-1 of mancozeb. 
Isolates from SC and from Gala cultivar showed higher densities in larger 
colony diameters when compared to isolates from PR and SP or from Eva cultivar. 
One explanation could be the fact that the first state to grow apple trees on a 
commercial scale was the state of SC due to incentives received from the 
government in the 1960s and 1970s (SCHMIDT, 1990), and therefore, isolates from 
these orchards have been receiving fungicide treatments for many years. 
Within the selected sample, 21.4% of the isolates were resistant or highly 
resistant to mancozeb and 35.7% of the isolates were moderately resistant based on 
the EC50 obtained by conidial germination. The high EC50 of the isolates against 
mancozeb indicates the importance of adjustments in the phytosanitary management 
systems carried out by the producers because this fungicide is one of the most 
applied for the control of GLS at its most critical growth stages (KATSURAYAMA and 
BONETTI, 2009). This resistance of Colletotrichum spp. to mancozeb has been 
previously reported by Ling et al. (2010) working with C. gloeosporioides on citrus 
(EC50 = 400 µg mL
-1), by Cai et al. (2008) working with C. gloeosporioides and C. 
acutatum in rubber tree, and by Tam et al. (2008) working with C. gloeosporioides in 
post-harvest apple fruits, who determined an EC50 of 1,807 µg mL
-1 for the inhibition 
of fungal mycelial growth. According to our results, the mycelium growth method is 
not adequate to classify the resistance to mancozeb, the conidial germination assays 
is more appropriate due the multi-site mode of action (GULLINO et al., 2010). This is 
the first report of high resistance of Colletotrichum to mancozeb using spore 
germination.  
Gullino et al., 2010 stated that a more likely potential resistance mechanism to 
mancozeb would be based on detoxification of the active fungicide. This mechanism 
has been described for a number of different fungicides in various pathogens 
including the multi-site fungicide captan in Botrytis cinerea (BARAK and EDINGTON, 
1984). The same authors suggest that the mechanism of resistance may be due to 
over production of thiols which detoxify the fungicides. Investigations on the 
occurrence of this resistance mechanism in the isolates of Colletotrichum from apple 
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are challenges for future research. 
Regarding thiophanate-methyl, many of the 186 isolates tested in this study 
were completely inhibited by high concentrations (100 µg mL-1) in vitro, irrespective 
of the part of the plant, cultivar or state of origin. A large portion of the population was 
resistant or highly resistant (73.6%). The low efficacy of thiophanate-methyl in 
inhibiting the mycelial growth of Colletotrichum spp. was previously reported by 
Hamada et al. (2009), who reported isolates of C. gloeosporioides resistant to 
benomyl (100 µg mL-1) in the state of Paraná. In addition, the resistance of 
Colletotrichum spp. to thiophanate-methyl is reported worldwide, and has been 
mentioned in the reports by Suvarna et al. (2009) in mangos in India, Ishii et al. 
(1998) in apples in Japan, and Tashiro et al. (2012) and Chung et al. (2006) in pears 
in Japan. In apple, cases of resistance have been reported in Penicillium expansum 
(SHOLBERG et al., 2005) and Venturia inaequalis (KOENRAADT et al., 1992).  
Isolates from PR for 100 μg mL-1 showed higher densities in larger colony 
diameters when compared with isolates from other states. One explanation could be 
the fact that isolates from the state of Parana belong in the majority to the C. 
acutatum complex (data from chapter III) contrasting with the isolates of SC which 
are in the majority Cgc (data from chapter III) and, as is well known, species 
belonging to Cac are insensitive to methyl benzimidazole carbamates (CHUNG et al., 
2006; HAMADA et al., 2009; PERES et al., 2004). However, some isolates belonging 
to Cac were classified as sensitive, and this should be investigated in future studies. 
Fallen leaf isolates have the largest diameter in the presence of methyl-
thiophanate compared to isolates from other parts of the plant. The isolates obtained 
from these leaves in the present study also belong to the Cac that is, as already 
mentioned, insensitive to methyl benzimidazole carbamates. Results obtained by 
Hamada et al. (2013) showed that fallen leaves are one of the main sources of 
inoculum in the orchard and that the highest amount of conidia during the growing 
season was observed at lower heights at the plant canopy. These observations, 
coupled with the fact that the average colony diameter of the isolates obtained from 
fallen leaves were significantly higher compared to other parts of the plant for both 
fungicides, makes the rapid decomposition of these leaves very important for 
reducing the amount of initial inoculum in each cycle of the culture. Moreover, this 
would reduce the need for sprays specifically targeting these leaves using fungicides 




 Mancozeb is the main fungicide used to the management of the GLS of apple 
in Brazil, and there are several reports by producers of the need to increase 
concentration to achieve the same control of the disease. This information agrees 
with the results of this research but, it is important to continue with periodic 
monitoring to verify the frequency of resistant isolates in the population in different 
producing regions, since populations of pathogens adapt to different management 
conditions that may cause an increase or reduce population resistance (BRENT et 
al., 2007). In addition, we recommended to use different mode of action fungicides 
and to avoid the primary inoculum in the orchard. Another important fact in this 
pathosystem is to identify the species of each isolate, since the sensitivity between 
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TABLE 1. Descriptions of the isolates of Colletotrichum spp. sampled for this study 
from the apple (Malus domestica), according to the part of the plant, cultivar, location 
and year.  
Stateb Municipality Year Cultivar 
Part of  
Isolates the 
planta 
SP Holambra 2010 Eva SL 22-47 
SP - 2010 Gala SL col15 
SP - 2011 Gala SL col146 
PR 
São Sebastião da 
Amoreira 2010 Eva SL 1-21 
PR Palmas 2011 Gala SL 56- 68 
PR Campo largo 2011 Gala SL 69-71 
PR - 2010 Gala SL col19 
PR Campo largo 2010 Gala DB 48-55 
PR Campo largo 2011 Gala DB 114, 115, 122-135 
PR Campo largo 2011 Gala DT 154-175 
PR Campo largo 2011 Gala FLG 116-121, 136-153 
PR Campo largo 2011 Gala FL 176-181 
SC Fraiburgo 2011 Gala SL 72, 73 
SC Água Doce 2011 Gala SL 74-78 
SC São Joaquim 2011 Gala SL 79-103 
SC Ubirici 2011 Gala SL 104-106 
SC Urupema 2011 Gala SL 107-109 
RS 
São José dos 
Ausentes 2011 Gala SL 110-113 
RS - 2010 Gala SL col31 
RS -  2010 Gala SL col33 
a FLG = Fallen leaves during the winter period, SL = symptomatic leaves, FL = flowers, DB = dormant 
buds, DT = dormant twigs. 
b State from which the isolates were sampled. SP = São Paulo, PR = Paraná, SC= Santa Catarina, RS 















TABLE 2. Comparisons of colony diameters of Colletotrichum spp. isolates collected 
in different parts of the apple tree in a culture medium supplemented with 1,000 mg 
mL-1 of mancozeb, 1 mg mL-1 of thiophanate-methyl and 100 mg mL-1 of thiophanate-
methyl. FLG = Fallen leaves during the winter period, SL = symptomatic leaves, FL = 
flowers, DB = dormant buds, DT = dormant twig. 
Parts of the 
Plant n 




(cm) and P-valueb   Percentiles 
DB DT FL FLG SL (10% and 90%) 




x 0.008y 0.013y 0.008y 0.080 1.428 1.204 and 2.625 
DT  
1.277x 0.761y 2.81x10-6y 4.25x10-13y 1.294 1.188 and 1.369 
FL   
1.294x 3.78x10-6y 6.86x10-9y 1.294 1.166 and 1.422 
FLG    2.246
x 0.101y 2.381 1.363 and 2.850 
SL     1.958






x 0.029y 0.120y 0.261y 0.041 3.546 2.548 and 4.118 
DT   2.996
x 0.029y 0.001y 0.801y 3.000 2.750 and 3.165 
FL    3.115
x 0.002y 0.201y 3.115 3.050 and 3.180 
FLG     3.593
x 0.001y 3.550 3.090 and 4.140 
SL      2.966
x 3.060 1.944 and 4.000 
Thiophanate-methyl 




x 0.011y 0.014y 0.869y 0.004 2.755 0.423 and 4.105 
DT   1.870
x 0.774y 0.027y 0.179y 1.780 1.682 and 2.091 
FL    1.892
x 0.032y 0.143y 1.880 1.750 and 2.045 
FLG     2.609
x 0.010y 3.020 0.420 and 4.042 
SL      1.691
x 1.755 0.000 and 3.565 
xThe mean colony diameter values are in bold. 























TABLE 3. Comparisons of colony diameters of Colletotrichum spp. isolates collected 
in São Paulo (SP), Paraná (PR) and Santa Catarina plus Rio Grande do Sul (SC) in 
a culture medium supplemented with 1,000 mg mL-1 of mancozeb, 1 mg mL-1 of 
thiophanate-methyl and 100 mg mL-1 of thiophanate-methyl.  
 
Origin n 
Mean colony diameter valuesa     
(cm) and P-valueb Percentiles 
SP PR SC Median (10% and 90%) 
Mancozeb (1,000 mg mL-1)  
SP 20 1.681x 0.973y 0.004y 1.225 1.109 and 2.978 
PR 102 1.673x 3.96x10-8y 1.375 1.169 and 2.604 
SC 37     2.414x 2.290 1.939 and 2.735 
Thiophanate-methyl (1 mg mL-1) 
 
SP 23 2.824x 0.110y 0.001y 3.080 1.968 and 3.546 
PR 87  3.152x 0.006y 3.090 2.332 and 4.094 
SC 14     3.659x 1.968 2.891 and 4.325 
Thiophanate-methyl (100 mg mL-1)       
SP 28 1.539x 0.000y 0.306y 1.690 0.196 and 2.033 
PR 14  2.160x 0.236y 1.905 0.075 and 3.984 
SC 39     1.828x 2.200 0.000 and 3.900 
xThe mean colony diameter values are in bold. 
yP-values obtained with the Welch t-test. 
 
 
TABLE 4. Comparisons of colony diameters of Colletotrichum spp. isolates collected 
in Eva and Gala cultivars in a culture medium supplemented with 1,000 mg mL-1 of 




Mean colony diameter 
valuesa     
(cm) and P-valueb Percentiles 
EVA GALA Median (10% and 90%) 
Mancozeb (1,000 mg mL-1)  
Eva 45 1.383x 3.43x10-10y 1.256 1.121 and 1.626 
Gala 114   2.028x 2.144 1.223 and 2.700 
Thiophanate-methyl (1 mg mL-1) 
 
Eva 41 2.669x 6.41x10-7y 3.040 1.880 and 3.190 
Gala 83   3.385x 3.300 2.750 and 4.148 
Thiophanate-methyl (100 mg mL-1)      
Eva 47 1.680x 4.67 x10-7y 1.750 1.492 and 2.010 
Gala 124   2.098x 2.025 0.000 and 4.004 
xThe mean colony diameter values are in bold. 











TABLE 5. Sensitivity classification of Colletotrichum isolates obtained from apples to 
thiophanate-methyl, based on the EC50 values and according to the state, part of the 
plant and year.  
Isolates* Statea Part of  
the plantb 
Year EC50  
(mg mL-1) 
Classificationc 
col33 RS SL 2010 1.74 S 
col146 SP SL 2011 3.11 S 
col15 SP SL 2010 16.63 MR 
col19 PR SL 2010 17.68 MR 
89 SC SL 2011 35.47 MR 
col31 RS SL 2010 47.45 MR 
152 PR FLG 2011 61.65 MR 
70 PR SL 2011 69.04 MR 
120 PR FLG 2011 137.32 R 
138 PR FLG 2011 173.72 R 
127 PR DB 2011 218.87 R 
27 SP SL 2010 >1,600.00 HR 
46 SP SL 2010 >1,600.00 HR 
105 SC SL 2011 >1,600.00 HR 
176 PR FL 2011 >1,600.00 HR 
177 PR FL 2011 >1,600.00 HR 
178 PR FL 2011 >1,600.00 HR 
179 PR FL 2011 >1,600.00 HR 
180 PR FL 2011 >1,600.00 HR 
181 PR FL 2011 >1,600.00 HR 
48 PR DB 2010 >1,600.00 HR 
50 PR DB 2010 >1,600.00 HR 
55 PR DB 2010 >1,600.00 HR 
122 PR DB 2011 >1,600.00 HR 
126 PR DB 2011 >1,600.00 HR 
128 PR DB 2011 >1,600.00 HR 
134 PR DB 2011 >1,600.00 HR 
159 PR DT 2011 >1,600.00 HR 
161 PR DT 2011 >1,600.00 HR 
163 PR DT 2011 >1,600.00 HR 
173 PR DT 2011 >1,600.00 HR 
      a SP=São Paulo, PR=Paraná, SC=Santa Catarina and RS=Rio Grande do Sul. 
b FLG = Fallen leaves during the winter period, SL = symptomatic leaves, FL = flowers, DB = dormant 
buds, DT = dormant twig. 
c Classification of isolated according to Chung et al. (2006) in which HR = highly resistant, R = 
resistant, MR = moderately resistant and S = sensitive, at where HR = EC50 > 500 µg mL
-1 , R= EC50 
between 100 and 500 µg mL-1 , MR = EC50 between 10 and 100 µg mL










TABLE 6. State, part of the plant, year, EC50 for mycelial growth and germination, 
resistance factor (RF) for germination and sensitivity classification for germination of 
Colletotrichum spp. obtained from apples to mancozeb. 
Isolates* Statea 
Part of  
Year 




growth Germination germ. germ.
c 
Col15 SP SL 2010 218.41 1.10 reference S 
Col33 RS SL 2010 453.50 1.36 1.21 S 
181 PR FL 2011 >1,600.00 1.97 1.79 LR 
142 PR FLG 2011 >1,600.00 2.22 2.02 LR 
180 PR FL 2011 244.65 2.99 2.71 LR 
Col19 PR SL 2010 >1,600.00 5.18 4.71 LR 
116 PR FLG 2011 >1,600.00 5.69 5.17 MR 
177 PR FL 2011 >1,600.00 5.81 5.27 MR 
2 PR SL 2010 223.22 6.67 6.06 MR 
Col31 RS SL 2010 >1,600.00 7.19 6.54 MR 
178 PR FL 2011 368.53 7.71 7.01 MR 
Col146 SP SL 2011 >1,600.00 18.82 17.11 R 
161 PR DT 2011 >1,600.00 86.25 78.40 HR 
179 PR FL 2011 >1,600.00 92.60 84.18 HR 
aSP = São Paulo, PR = Paraná and RS = Rio Grande do Sul. 
b FLG = Fallen leaves during the winter period, SL = symptomatic leaves, FL = flowers, DT = dormant 
twig. 
cClassification of isolates according to Ishii (2015), where HR = highly resistant, LR = low resistance, R 
= resistant, MR = moderately resistant and S = sensitive, and where HR = RF > 20.0, R = RF between 
10.1 and 20.0, MR = RF between 5.1 and 10.0, LR = RF between 1.6 and 5.0, and S = RF between 



















FIGURE 1. Colletotrichum spp. density distributions (a-c) and cumulative relative 
frequencies (d-f) for the colony diameter in culture medium supplemented with (a,d) 
1,000 mg mL-1 of mancozeb, (b,e) 1 mg mL-1 of thiophanate-methyl and (c,f) 100 
mg mL-1 of thiophanate-methyl, comparing the different parts of the apple cv. Gala 
FLG = Fallen leaves during the winter period, SL = symptomatic leaves, FL = flowers, 














FIGURE 2. Colletotrichum spp. density distributions (a-c) and cumulative relative 
frequencies (d-f) for the colony diameter in culture medium supplemented with (a,d) 
1,000 mg mL-1 of mancozeb, (b,e) 1 mg mL-1 of thiophanate-methyl and (c,f) 100 
mg mL-1 of thiophanate-methyl, comparing the origins SP = São Paulo, PR = 
Paraná, SC = Santa Catarina plus Rio Grande do Sul. 
 













FIGURE 3. Colletotrichum spp. density distributions (a-c) and cumulative relative 
frequencies (d-f) for the colony diameter in culture medium supplemented with (a,d) 
1,000 mg mL-1 of mancozeb, (b,e) 1 mg mL-1 of thiophanate-methyl and (c,f) 100 












FIGURE 4. Wounded Gala fruits treated with thiophanate-methyl at 1.600 µg mL-1 
and subsequently inoculated with a conidial suspension of sensitive isolates (A, 
isolate Col33, Cgc), moderately resistant isolates (B, isolate Col15, Cac) and highly 





FIGURE 5. Wounded Gala fruits treated with mancozeb at 1.600 µg mL-1 and 
subsequently inoculated with a conidial suspension of sensitive isolates (A, isolate 
Col15, Cac), low resistant isolates (B, isolate col19, Cac), moderately resistant 

















5 CAPÍTULO III - SPECIES OF THE COLLETOTRICHUM ACUTATUM AND 
COLLETOTRICHUM GLOEOSPORIOIDES COMPLEXES ASSOCIATED WITH 
APPLE IN BRAZIL 
 
The Glomerella leaf spot (GLS) and bitter rot (BR) are apple diseases that are 
causing concern to growers due to the increases in severity over the years and the 
difficulties to control. After the report of new species of Colletotrichum causing both 
GLS and BR, it is not known the proportion of Colletotrichum species that occur in 
Brazilian apple orchards. The objectives of this study were (i) to obtain isolates of 
Colletotrichum from apple orchards located in the main Brazilian producing regions and 
identify the isolates at the species level; (ii) to compare GLS severity in leaves 
inoculated with different Colletotrichum species and kept at simulated temperatures 
of the main apple producing regions in Brazil and; (iii) to compare the progress of 
GLS in an experimental apple orchard of the Gala and Eva cultivars inoculated with 
different species of Colletotrichum. One hundred and twenty six strains were 
obtained in this study belonging to the C. acutatum species complex, 18 from SP, 71 
from PR, 1 from SC and 36 from RS and; 102 to the C. gloeosporioides species 
complex, 9 from PR, 79 from SC and 14 from RS. These strains belong to five 
phylogenetic species: C. melonis, C. nymphaeae, C. paranaense, C. limetticola, and 
C. fructicola. In Santa Catarina state almost 99% of the isolates belong to C. 
fructicola (C. gloeosporioides complex), but in the states of São Paulo, Paraná and 
Rio Grande do Sul species belonging to the C. acutatum complex predominate, 100, 
89 and 72%, respectively. Under the conditions tested, the simulated temperature of 
different producing regions in Brazil did not influence the severity of the symptoms 
caused by C. nymphaeae, C. fructicola and C. karstii, and in the comparison between 
cultivars in the experimental orchard, the AUDPC was significantly higher on the 
Gala cultivar than on of Eva. According to the results in this work, it is important to 
know the frequency of each species within each species complex for the 
management of BR and GLS. This is the first official report of severe symptoms of 
GLS in the Eva cultivar, which is considered resistant. 
 
 













5 CAPÍTULO III - ESPÉCIES DOS COMPLEXOS Colletotrichum acutatum E 
Colletotrichum gloeosporioides ASSOCIADAS À MACIEIRA NO BRASIL  
 
A mancha foliar de Glomerella (MFG) e a podridão amarga (PA) são doenças da 
macieira que causam preocupação para os produtores devido ao aumento da 
severidade dos sintomas ao longo dos anos e dificuldades no controle. Após o relato 
de novas espécies de Colletotrichum que causam MFG e PA, não se conhece a 
proporção destas que ocorrem nos pomares brasileiros de maçã. Os objetivos deste 
estudo foram (i) obter isolados de Colletotrichum de pomares de macieira 
localizados nas principais regiões produtoras e identificar os isolados em nível de 
espécie; (ii) comparar a severidade da MFG em folhas inoculadas com diferentes 
espécies de Colletotrichum e mantidas em temperaturas simuladas das principais 
regiões produtoras de maçã no Brasil e; (iii) comparar o progresso da MFG em 
pomar experimental das cultivares Gala e Eva inoculadas com diferentes espécies 
de Colletotrichum. Da coleção obtida para este estudo,126 isolados pertencem ao 
complexo C. acutatum, 18 de SP, 71 do PR, 1 de SC e 36 do RS e; 102 pertencem 
ao complexo C. gloeosporioides, 9 do PR, 79 de SC e 14 do RS. Esses isolados 
pertencem a cinco espécies filogenéticas: C. melonis, C. nymphaeae, C. 
paranaense, C. limetticola e C. fructicola. No estado de Santa Catarina, quase 99% 
dos isolados pertencem à espécie C. fructicola (complexo C. gloeosporioides). Nos 
estados de São Paulo, Paraná e Rio Grande do Sul predominam as espécies do 
complexo C. acutatum, 100, 89 e 72%, respectivamente. Neste estudo, a 
temperatura simulada de diferentes regiões produtoras no Brasil não influenciou a 
severidade dos sintomas causados por C. nymphaeae, C. fructicola e C. karstii. Na 
comparação entre cultivares em pomar experimental, a AACPD foi significativamente 
maior nas plantas da cultivar Gala do que nas plantas da cultivar Eva. De acordo 
com os resultados obtidos neste trabalho, é importante conhecer a freqüência de 
cada espécie dentro de cada complexo de espécies para o manejo da PA e da MFG. 
























 Glomerella leaf spot (GLS) in apple is a very severe disease in countries 
where the conditions for the development of its epidemic are favorable (TAYLOR, 
1971; LEITE et al., 1988; WANG et al., 2012). In Brazil the disease occurs in all 
producing regions causing severe damage to the Gala cultivar and its clones, which 
correspond to 60% of the production area (PETRI et al., 2011). In Paraná State, 
southern Brazil, isolations were made also in the Eva cultivar by Hamada et al., 
2013, which was previously reported to be resistant to the pathogen (FURLAN et. al., 
2010), a fact that is worrying producers in regions where this cultivar is grown. 
 The symptoms of GLS occur mainly on leaves, although they may also occur 
on fruit. On leaves, symptoms appear as purple-red spots two days after infection, 
and between seven and 10 days, severe defoliation may occur (ARAUJO and 
STADNIK, 2013; MOREIRA and MAY DE MIO, 2015), reducing productivity in  
subsequent seasons. GLS is caused by Colletotrichum species which were 
reclassified through morphological and molecular methodologies (DAMM et al., 2012; 
WEIR et al., 2012) and organized into complexes. After that, new species have been 
reported causing GLS, such as C. fructicola belonging to the C. gloeosporioides 
complex; and C. karstii, belonging to the C. boninense complex (VELHO et al., 
2015).  
 Bitter rot (BR) in apple is caused by the same genus showing symptoms in 
fruit. Several causative species have recently been reported, such as: C. fioriniae 
(SHIVAS and TAN, 2009), C. clavatum (KOU et al., 2014), C. godetiae 
(BARONCELLI et al., 2014), C. fragariae (ALANIZ et al., 2012), C. karstii, C. 
nymphaeae, C. fructicola, C. melonis, C. theobromicola (VELHO et al., 2015), C. 
abisissum, C. paranaense (BRAGANÇA et al., 2016) and C. siamense (MUNIR et al., 
2016).  
 After the report of new species causing both GLS and BR, it is important to 
understand if there are differences in the proportion of Colletotrichum species that 
occur in the Brazilian apple-producing regions. In addition, there are few 
epidemiological studies concerning the aggressiveness of the different species or 
complexes. Also few studies were found on the influence of temperature on GLS 
severity and, these studies do not considered all major apple-producing regions in 
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Brazil (VELHO et al., 2015). Due to the short incubation period of the GLS, the rapid 
advance of the disease in the field, the occurrence of the disease in cultivars 
previously reported as resistant and the occurrence of a large number of new species 
of Colletotrichum, it is essential to understand its epidemiological aspects to establish 
adequate management. There is a need for more information regarding the etiology 
and epidemiology of GLS to minimize yield-reducing effects. The objectives of this 
study were (i) to obtain isolates of Colletotrichum from apple orchards located in the 
main Brazilian producing regions and identify the isolates at the species level; (ii) to 
compare GLS severity in leaves inoculated with different Colletotrichum species and 
kept at simulated temperatures of the main apple-producing regions in Brazil and; (iii) 
to compare the progress of GLS in an experimental apple orchard of the Gala and 










 A total of 228 Colletotrichum strains isolated from apple orchards located in 
the States of São Paulo (SP), Paraná (PR), Santa Catarina (SC) and Rio Grande do 
Sul (RS) was included in this study (Table 1). Of the total isolates, 18 were from SP, 
80 from PR, 80 from SC and 50 from RS. Isolates were collected from tissues 
surface disinfested with ethanol and sodium hypochlorite, and plated on potato 
dextrose agar (PDA) medium (Himedia, 39 g L-1). The Colletotrichum isolates were 
single spored on PDA and stored dry on filter paper at -20 °C in the culture collection 





5.2.2 Molecular identification and Phylogenetic analyses 
 
 
 Genomic DNA used in this study was extracted using the FastDNA Kit (MP 
Biomedicals). First, isolates were identified at the complex level with C. acutatum-
specific primers and C. gloeosporioides-specific primers. PCR primers for 
identification included the ITS4 primer (5′-TCCTCCGCTTATTGATATGC-3′) coupled 
with the specific primer for C. acutatum (CaInt2) (5′-GGGGAAGCCTCTCGCGG-3′) 
(SREENIVASAPRASAD et al., 1996; WHITE et al., 1990) or the specific primer for C. 
gloeosporioides (CgInt) (5′- GGCCTCCCGCCTCCGGGCGG -3′) (MILLS et al., 
1992). The PCR mixtures contained 14.5 µL of molecular water (Fischer 
BioReagents®), 5 µL of 5× PCR buffer (PROMEGA, Madison, WI, USA), 1.5 µL of 
MgCl2 (25 mM), 0.5 µL of dNTPs (10 µM), 0.5 µL of each primers (10 µM), 0.5 µL of 5 
U Taq DNA polymerase (PROMEGA, Madison, WI, USA), and 2 µL of genomic DNA 
(25 ng). The PCR were performed using a T100 Thermal Cycler (BIO-RAD, CA, 
USA), and the conditions were an initial denaturation step at 95 °C for 5 min followed 
by 33 cycles of 30 s at 94 °C, 55 s at 58 °C and 90 s at 72 °C, and a final extension 
at 72 °C for 3 min. The amplicons were visualized in 1 % agarose gel with 1X TAE 
buffer (0.04 M Tris-acetate, 0.0001 M EDTA buffer) + GelRedTM (Biotium, USA). 
 After that, isolates were identified at the species level. The 5.8S nuclear 
ribosomal gene with the two flanking internal transcribed spacers (ITS), an intron of 
the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and partial sequences of 
the chitin synthase 1 (CHS-1) and β-tubulin (TUB2) genes were amplified and 
sequenced using the primers ITS-1F(GARDES and BRUNS, 1993) and ITS-4 
(WHITE et al., 1990), GDF1 and GDR1 (GUERBER et al., 2003), CHS-354R and 
CHS-79F (CARBONE and KOHN, 1999) and BT2Fd (WOUDENBERG et al., 2009) 
and Bt-2b  (GLASS and DONALDSON, 1995), respectively. The PCR reactions were 
the same for all loci and were performed in a total volume of 25 μL.  The PCR 
mixtures contained 15.8 µL of water, 5 µL of 5× PCR buffer (PROMEGA, Madison, 
WI, USA), 1.5 µL of MgCl2 (25 mM), 0.5 µL of dNTPs (10 µM), 0.5 µL of each primers 
(10 µM), 0.2 µL of 5 U Taq DNA polymerase (PROMEGA, Madison, WI, USA), and 1 
µL of genomic DNA (25 ng). The PCR were performed using a T100 Thermal Cycler 
(BIO-RAD, CA, USA), and the conditions were an initial denaturation step at 95 °C 
for 2 min followed by 40 cycles of 30 s at 94 °C, 30 s at 52 °C and 1 min at 72 °C, 
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and a final extension at 72 °C for 5 min. The amplicons were visualized in 1% 
agarose gel with 1X TAE buffer (0.04 M Tris-acetate, 0.0001 M EDTA buffer) + 
GelRedTM (Biotium, USA). The PCR products were purified and sequenced by 
Genewiz Inc.  
 The forward and reverse sequences generated were assembled using the 
software BioEdit (http://www.mbio.ncsu.edu/bioedit/bioedit.html). Sequences of 54 
ex-type and other references strains of species belonging to the C. acutatum and C. 
gloeosporioides complexes as well as C. orchidophilum CBS 632.80 (as outgroup), 
all available on GenBank, were added to the dataset (Table 2) and the sequences 
were aligned and manually edited with MEGA v.5.2 software (TAMURA et al., 2011). 
 A Neighbour-Joining (NJ) analysis using MEGA v.5.2 software (TAMURA et 
al., 2011), Kimura-2 parameter with Gamma distribution was applied (data not 
shown), and the closest phylogenetic neighbors were selected for an individual gene 
region analyses (data not shown) and for a multilocus analyses using ITS, GAPDH, 
CHS-1 and TUB2 genes. Distance analysis was conducted using Maximum 
Likelihood (ML) bootstrap percentages was used to test the hypothesis (1000 
replicates each). The nucleotide substitution model chosen was General Time 
Reversible (GTR) with a gamma-distributed rate of variation. 
    
 
5.2.3 Aggressiveness test on detached leaves 
 
 
 Detached non-symptomatic Gala apple leaves were collected from an 
experimental orchard located in Curitiba (Paraná, Brazil). In the laboratory, leaves 
surfaces were disinfested in 0.5% sodium hypochlorite for 20 s, then rinsed twice 
with sterile deionized water. Ten leaves per isolate-temperature were placed in egg 
cartons inside individual clean plastic boxes and were dried inside the hood for 20 
min. To maintain humidity inside the boxes, 100 mL of distilled sterile water was 
placed under the egg cartons and, to maintain hydrated leaves, a cheesecloth 
moistened with sterile distilled  water was placed on the petiole. 
 Three selected isolates of Colletotrichum belonging to each complex, C. 
acutatum (116PR), C. gloeosporioides (Col33) and C. boninense (MANE72; Velho et 
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al., 2015) were cultivated in Petri dishes on oatmeal agar (40 g L-1 oatmeal, 16 g L-1 
agar, 1000 mL distilled water) at 25 ± 2 °C for 8 days. Leaves were inoculated with 
conidial suspensions of the isolates (C. nymphaeae, C. fructicola or C. karstii) 
adjusted to 1 x 104 conidia mL-1 using an airbrush (0.3 mm nozzle; alpha Arprex® 3).  
 After inoculation, the boxes were maintained in growth chambers Conviron® at 
simulated temperatures that occur in the states of PR, SC and RS during the 
epidemic season of the GLS in the orchards (Table 3). The trials were set up in a 
completely randomized design with ten leaves per isolate per simulated temperature. 
After 8 days each leaf was scanned using an Epson scanner (Model TX135, São 
Paulo, Brazil) with an image resolution of 300 dpi and the proportion of diseased leaf 
area was estimated using the image analysis software QUANT. The data (% leaf 
area diseased) were subjected to analyses of variance (ANOVA), and the means 
were compared by Tukey's test (P < 0.05) using the R software, version 2.13.2 (R 
Development Core Team, 2011). The experiment was repeated twice. 
 
 
5.2.4 Aggressiveness test in experimental orchard 
 
 
 The study was conducted in Curitiba (Paraná, Brazil) three times (Nov/2015-
Feb/2016, Apr/2016-Jul/2016 and Nov/2016-Mar/2017). The experimental apple 
orchard (ANNEX 1) planted with Gala and Eva, grafted on the rootstock Maruba and 
interstock M9 was established in 09/24/2015 and is located at latitude 25°24'42.57''S 
and longitude 49°14'53.22''W. In accord to the Köppen classification, the climate is 
subtropical with cool summers and no set dry season.  
 The experimental design was completely randomized with four treatments and 
eight repetitions (twig with 10 leaves each). The treatments included inoculations with 
selected isolates of Colletotrichum belonging to each complex (the same isolates 
from the previous item) and with distilled sterilized water (control). To prepare the 
inoculum, the isolates (C. nymphaeae, C. fructicola or C. karstii) were grown in Petri 
dishes on oatmeal agar, and plates were maintained at 25 ± 2 °C for 6 days. All twigs 
were inoculated by spraying (Manual atomizer - Guarany, São Paulo, Brazil) with an 
adjusted suspension of 1 x 104 conidia mL-1. After inoculation twigs were covered for 
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24h with wetted plastic bags that were attached and sealed to generate humid 
chambers.  
 Severity (% leaf area diseased) was assessed using the specific diagrammatic 
scale of Kowata et al. (2010), this scale consisted of six severity levels 0.08%; 
0.28%; 0.99%; 3.45%; 11.23%; 30.93%. The disease progress was evaluated 14 
times in the experiment 1, 11 times in the experiment 2, and 8 times in the 
experiment 3, in an approximate interval of 7 days between evaluations.  
 During the evaluation of each experiment, symptomatic leaves were collected 
periodically for isolation in PDA and subsequent identification of the complex to verify 
if the symptoms corresponded to the inoculated species. 
 The data of the mean number of leaves per experiment and per cultivar were 
plotted over time to indicate leaf abscission over the evaluation period. The progress 
curves of the disease severity were also plotted to observe the behavior of the 
epidemic. From the severity data, the area under the disease progress curve 
(AUDPC) was calculated for each experiment per cultivar, summing the trapezoidal 
areas (SHANER and FINNEY, 1977). The data were subjected to analysis of 
variance (ANOVA), and the means were compared by Tukey's test (P < 0.05). 
 The abscission distributions of apple leaves in time were analysed by plotting 
the densities and accumulated frequencies comparing the treatments (inoculation 
with different Colletotrichum complexes) in each cultivar (Gala and Eva). Changes in 
density curves were analysed with two samples of the Kolmogorov-Smirnov test. The 
non-parametric Kolmogorov-Smirnov test compared the cumulative frequency 
distributions of the data at a time and returned the maximum difference between the 
distributions. Differences in the time for abscission were verified with a Welch t-test 
and were considered significant at P < 0.05 (R Development Core Team, 2011). 
 The severity data were also analyzed by regression, adjusting the simple 
linear model, and the non linear models: monomolecular (y = 1 - (1-y0). Exp (-rt)) and 
logistic (y = 1/(1+((1/y0)-1). Exp(-rt)), where y represents the mean severity of the 
GLS, y0 the initial inoculum, r the rate of GLS progression and t, the time in days after 
the first evaluation. The selected model was the one with the lowest AIC value. The 
comparison of the parameters between the treatments was performed observing the 
confidence intervals, when they overlap, they do not differ (data not shown). The 







5.3.2 Molecular identification and Phylogenetic analyses 
 
 
 Based on the specific primer molecular analyses (data not shown), 126 strains 
obtained in this study belong to the C. acutatum species complex, 18 from SP, 71 
from PR, 1 from SC and 36 from RS and; 102 strains to the C. gloeosporioides 
species complex, 9 from PR, 79 from SC and 14 from RS.    
 The ITS, GAPDH, CHS-1 and TUB2 regions of all isolates were successfully 
amplified and sequenced. The PCR products obtained in their amplification had 
approximately 550, 250, 300 and 700 base pairs (bp), respectively, and all isolates 
corresponded to the genus Colletotrichum. High quality sequences of each isolate 
were used for analysis, and after aligned, differences among the isolates were 
observed.  According to the 126 C. acutatum isolates obtained and subsequently 
compared with GenBank sequences (Damm et al., 2012; Bragança et al., 2016); 98 
isolates were identified as C. nymphaeae, 10 from SP, 64 from PR, 1 from SC and 
23 from RS; 4 isolates were identified as C. melonis, 3 from SP and 1 from PR; 5 
were identified as C. paranaense, 1 from SP and 4 from PR; 7 were identified as C. 
limetticola, 1 from PR and 6 from RS; and 12 isolates did not clustered with any 
species reported in previous phylogenetic studies (Table 4 and Figure 1).  
 According to the 102 C. gloeosporioides isolates obtained and subsequently 
compared with GenBank (Weir et al., 2012); 93 isolates were identified as 
Colletotrichum fructicola, 8 from PR, 79 from SC and 6 from RS; and 9 isolates did 
not clustered with any species reported in previous phylogenetic studies (Table 4 and 
Figure 2).  
  
 
5.3.3 Aggressiveness test on detached leaves 
 
 
 Detached apple leaves of the Gala cultivar showed symptoms of GLS 2 days 
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after inoculation with C. nymphaeae (Cac) and C. fructicola (Cgc) and, 5 days after 
inoculation with C. karstii (Cbc) regardless of the simulated temperature of the PR, 
SC and RS states (data not shown).  
 In the comparison between the simulated temperatures of the different states 
for each species, no significant difference was observed for the mean GLS severity 8 
days after inoculation in both experiments. Significant differences were observed 
when compared the mean GLS symptoms caused by different species, C. 
nymphaeae (9.2 - 11.4%) and C. fructicola (9.4 - 10.7%) did not differ significantly 
between themselves but caused more severe GLS symptoms than C. karstii (1.6 - 




5.3.4 Aggressiveness test in experimental orchard 
 
 
 C. nymphaeae (Cac), C. fructicola (Cgc) and C. karstii (Cbc) were able to 
cause GLS symptoms on Gala in the three replicates of the experiment. In leaves 
inoculated with C. nymphaeae, the mean maximum severity of GLS reached 
approximately 15, 11 and 12% in experiments 1, 2 and 3, respectively. In leaves 
inoculated with C. fructicola, the mean maximum severity of GLS reached 
approximately 14, 10 and 7% in experiments 1, 2 and 3, respectively. In leaves 
inoculated with C. karstii, the mean maximum severity of GLS reached approximately 
3.5, 3 and 3% in experiments 1, 2 and 3, respectively (Figure 3). 
 C. nymphaeae (Cac) and C. fructicola (Cgc) were able to cause GLS 
symptoms on Eva cultivar on the three times of inoculation (experiments 1, 2 and 3). 
C. boninense (Cbc) was not able to cause GLS symptoms on Eva cultivar. In leaves 
inoculated with C. nymphaeae, the mean maximum severity of GLS reached 
approximately 2% in the three experiments. In leaves inoculated with C. fructicola, 
the mean maximum severity of GLS reached approximately 1.5, 2 and 2% in 
experiments 1, 2 and 3, respectively (Figure 4). 
 The GLS symptoms were more severe over time in Gala than on Eva in the 
three experiments (Figure 5). The AUDPC was significantly higher in plants 
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inoculated with C. nymphaeae and C. fructicola compared to plants inoculated with 
C. karstii (Table 6). During all experiments the symptoms collected after inoculation 
corresponded to the inoculated species. 
 Although the onset of abscission coincides with the increased GLS severity in 
leaves of the Gala (Figure 3) and Eva (Figure 4) cultivars, it cannot be said that 
defoliation was caused by the severity of GLS symptoms, since it occurred even on 
leaves with severity under to 3% as in the case of leaves of the Eva cultivar 
inoculated with C. karstii. Besides that, there was no significant difference in time to 
abscission of the leaves on Gala cultivar (Figure 6) and Eva cultivar (Figure 7) 
inoculated with the different species of Colletotrichum (P > 0.05), with exception of 
the Gala cultivar in experiment 1 where leaves inoculated with C. karstii fell 
significantly earlier than leaves inoculated with C. nymphaeae and C. fructicola, 
which reinforces the affirmation of non-correlation of GLS severity with the defoliation 
of plants. 
  According to the information criterion of Akaike (AIC) (data not shown) the 
most adequate model to represent the disease progress curve in Gala cultivar 
inoculated with C. nymphaeae and C. fructicola was the non-linear monomolecular 
model and, the most adequate model to represent the disease progress curve in 
Gala cultivar inoculated with C. karstii and Eva cultivar inoculated with C. nymphaeae 
and C. fructicola was the non-linear logistic model (ANNEX 2). The epidemiological 
parameters for the monomolecular model fitted to the GLS progress in Gala cultivar 
(C.nymphaeae and C. fructicola) for the logistic model fitted to the GLS progress in 






 Commercial apple growers in Brazil consider GLS to be the most common leaf 
disease, as well as the most challenging summer disease to control. Many growers 
struggle with its management, even when they adhere to recommended spray 
schedules. It is widely reported that fungicides are not always reliable. This study 
suggested that variations in the causal pathogen of GLS may be one important 
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reason for these disease management challenges. This study revealed that 
Colletotrichum isolates of apple in Brazil orchards belong to two different complexes: 
C. acutatum and C. gloeosporioides and, to five phylogenetic species: C. melonis, C. 
nymphaeae, C. paranaense, C. limetticola, and C. fructicola. In this study, no C. 
karstii (C. boninense complex) isolates were found as in the study performed by 
Velho et al. (2015) in Santa Catarina state. Among the species identified, C. 
nymphaeae, C. melonis and C. paranaense had already been reported as causal 
agents of BR in Brazil and C. fructicola as causal agent of GLS and BR (VELHO et 
al., 2015; BRAGANÇA et al., 2016). The molecular analyses were consistent with 
published work that originally established these five species within the C. acutatum 
and C. gloeosporioides complexes (DAMM et al., 2012; WEIR et al., 2012). 
C. paranaense was first reported by Bragança et al. (2016) as a causal agent 
of BR in apple; in the present study, isolates from this species were obtained from 
leaves of Gala cultivar in Paraná state and a leaf of the Eva cultivar in São Paulo 
state. C. melonis isolates were obtained from leaves of the Eva cultivar in São Paulo 
and Paraná states. Previously, C. melonis was reported causing only symptoms of 
BR in apple fruits, so pathogenicity tests in leaves with isolates of these species are 
in need of future work, aiming at the conclusion of Koch's postulates. C. limetticola 
was isolated in the present study from leaves of Gala cultivar in Rio Grande do Sul 
state and from flowers of Eva cultivar in Paraná state, being the first report of the 
occurrence of this species in apple tree. This species has been described and 
reported by Damm et al. (2012) on twigs of Citrus aurantifolia, these same authors 
stated that C. limetticola is distinguished from other species by TUB2 and GAPDH 
most effectively with TUB2, genes that were also used in the present study for the 
construction of phylogenetic trees. In future studies morphological comparisons will 
be performed besides genetic comparison. Colletotrichum strains from our study 
that clustered with strain CBS 114.14 (C. limetticola) have the same ITS and GAPDH 
sequances as strains from anthracnose on key lime in Florida, USA (KLA-Anderson, 
HM-1, Ss) (MACKENZIE et al., 2009) and in Belize (MTR-KLA-A1) (PERES et al., 
2008).  
 The identification of Colletotrichum species is important for better 
understanding the epidemiology of plant diseases, particularly those where 
differences in ability to infect different host tissues, can clearly exist. In our work, C. 
fructicola and C. nymphaeae were the most frequent species in Brazilian apple 
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orchards. C. fructicola was originally reported causing coffee berry anthracnose in 
Thailand and has been identified infecting several fruits, such as, mandarin, papaya, 
chili (PHOULIVONG et al., 2012), mango (LIMA et al., 2013) and pear (JINGJING et 
al., 2014), but also Brazilian apple leaves (WEIR et al., 2012; VELHO et al., 2015).  
 C. nymphaeae was originally described causing leaf spots on aquatic plants, 
Nymphaeae alba and Nuphar luteum (VAN DER AA, 1978), it has a wide host range 
and is nowadays one of the most important strawberry diseases (DAMM et al., 2012). 
From the isolates of C. nymphaeae identified by Velho et al. (2015), none was able to 
cause symptoms of GLS, only symptoms of BR in fruits. In the present study, an 
isolate of C. nymphaeae was able to reproduce leaf symptoms and this is the first 
report of this species causing GLS symptoms in apple leaves in Brazil and 
worldwide. 
 Some isolates clustered into clades separated from clades already well 
established by previous studies (DAMM et al., 2012; WEIR et al., 2012), suggesting 
that these isolates belong to new species both within the C. acutatum complex and 
within the C. gloeosporioides complex. Future work will include morphological, 
physiological and taxonomic analysis of that new species. 
 Growers in Brazil typically manage GLS with timed applications of fungicides 
that include different modes of action. On average, species within the C. acutatum 
complex were less sensitive to thiophanate-methyl, trifloxystrobin, and captan than 
members of the C. gloeosporioides species complex (ADASKAVEG and HARTIN, 
1997; BERNSTEIN et al., 1995; FREEMAN et al., 1998; PERES et al., 2002, 2004; 
VALERO et al., 2010; VELHO et al., 2015). This may suggest that fungicide use 
influenced populations within commercial orchards. In Santa Catariana state almost 
99% of the isolates belong to the C. fructicola species (C. gloeosporioides complex), 
but in the states of São Paulo, Paraná and Rio Grande do Sul species belonging to 
the C. acutatum complex predominate, 100, 89 and 72%, respectively. 
 Under the conditions tested in this study the simulated temperature of different 
producing regions in Brazil did not influence the severity of the symptoms caused by 
C. nymphaeae, C. fructicola and C. karstii, which shows that these species are 
adapted in the southern region of Brazil and a wide range of temperature, being C. 
nymphaea and C. fructicola more aggressive in these conditions when compared to 
C. karstii. A similar result was obtained in experimental orchard trials where the 
AUDPC was significantly higher when the leaves were inoculated with C. nymphaeae 
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and C. fructicola compared to leaves inoculated with C. karstii, independently of the 
cultivar. In a study performed by Velho et al. (2015), C. karstii was first reported as a 
causal agent of GLS and in general also caused less severe symptoms in apple 
seedelings when compared to symptoms caused by C. fructicola. Before that, C. 
karstii has been found infecting several tropical host plants (DAMM et al., 2012), 
leaves of Vanda sp. in China (YANG et al., 2011), Phalaenopsis in the USA 
(JADRANE et al., 2012) and Olea europaea in Italy (SCHENA et al., 2014). In Brazil, 
C. karstii has been reported infecting other fruit species, such as, passion fruit 
(TOZZE et al. 2010), papaya (DAMM et al., 2012) and mango (LIMA et al., 2013). In 
the comparison between cultivars, the AUDPC was significantly higher in plants of 
the Gala cultivar than in plants of the Eva cultivar. The model fit data will not be 
discussed because the adjusted models do not represent the GLS epidemic because 
they represent the progression of the disease in inoculated plants. 
 In the present study, no isolates of C. karstii were found. C. karstii may be less 
competitive compared to C. nymphaeae and C. fructicola. Zhan and McDonald 
(2013) states that competition among pathogen strains for resources can have a 
profound effect on pathogen evolution. A better understanding of the principles and 
consequences of competition can be useful in designing more sustainable disease 
management strategies. The competitive ability of a pathogen strain are determined 
by its intrinsic biological properties, the resistance and heterogeneity of the 
corresponding host population, the population density and genetic relatedness of the 
competing strains, and the physical environment. Therefore, competitive ability 
studies are suggested for future works. Such experiments are common in works with 
isolates with different levels of resistance to fungicides for the study of fitness 
(PASCHE and GUDMESTAD, 2007; MA and UDDIN, 2009; KARAOGLANIDIS et al., 
2011; VELOUKAS et al., 2013; CHEN et al., 2016). 
  These findings in this study demonstrated the importance of accurate 
pathogen identification, beyond species complex, for management of GLS. Future 
work will include expansion of isolate collections and analysis of pathogenicity. Better 
understanding of species distribution and individual characteristics of each species is 
critical for development of disease management plans for GLS in apple. Future work 
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TABLE 1. Isolates of Colletotrichum spp. sampled for this study from apple (Malus domestica) according to the location, cultivar, 
year and plant part. 
State*  Year Cultivar Part of the plant Isolates 
SP 2010 Eva leaf 
22SP, 23SP, 24SP, 26SP, 27SP, 28SP, 29SP, 31SP, 32SP, 34SP, 35SP, 37SP, 39SP,  
40SP, 41SP, 42SP, 45SP, 47SP 
PR 
2011 Gala bud 
122PR, 123PR, 124PR, 125PR, 126PR, 127PR, 128PR,  129PR, 130PR, 131PR, 132PR, 133PR 
  134PR 
2011 Gala leaf 
56PR, 57PR, 58PR, 59PR, 60PR, 61PR, 62PR, 63PR, 64PR, 65PR, 66PR, 67PR, 68PR, 69PR,  
70PR, 71PR, 116PR, 117PR, 118PR, 119PR, 120PR, 121PR, 138PR, 142PR, 152PR 
2010 Gala bud 48PR, 49PR, 50PR, 53PR, 55PR 
2010 Eva leaf 
8PR, 9PR, 10PR, 11PR, 12PR, 14PR, 15PR, 16PR, 17PR, 18PR, 19PR, 20PR, 21PR, 25PR, 30PR,  
33PR, 43PR 
2011 Gala twig 156PR, 157PR, 159PR, 161PR, 162PR, 163PR, 164PR, 165PR, 166PR, 167PR, 173PR 
2010 Princesa leaf 3PR, 4PR, 5PR  
2011 Gala flower 176PR, 177PR, 178PR 
2011 Eva flower  179PR, 180PR, 181PR 
SC 
2016 Gala leaf 89SC 
2011 Gala leaf 105SC 
2016 Gala leaf 
1SC, 2SC, 3SC, 4SC, 5SC, 6SC, 7SC, 8SC, 9SC, 10SC, 11SC, 12SC, 13SC, 14SC, 15SC, 16SC,  
17SC, 18SC, 19SC, 20SC, 21SC, 22SC, 23SC, 24SC, 25SC, 26SC, 27SC, 28SC, 29SC, 30SC,  
31SC, 32SC, 33SC, 34SC, 35SC, 36SC, 37SC, 39SC, 40SC, 41SC, 42SC, 43SC, 45SC, 46SC,  
47SC, 48SC, 49SC, 50SC, 51SC, 52SC, 54SC, 55SC, 58SC, 59SC, 60SC, 61SC, 62SC, 63SC, 
64SC, 65SC, 67SC, 69SC, 70SC, 71SC, 72SC, 73SC, 74SC, 75SC, 76SC, 77SC, 78SC, 79SC, 
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81SC, 82SC, 83SC, 84SC, 85SC, 87SC 
RS 
2015 Gala leaf 
24RS, 25RS, 26RS, 27RS, 28RS, 29RS, 30RS, 31RS, 32RS, 33RS, 34RS, 40RS, 41RS, 42RS,  
43RS, 44RS, 45RS, 46RS, 47RS, 48RS, 49RS, 50RS, 51RS, 52RS, 53RS, 54RS, 55RS, 56RS, 57RS,  
58RS, 59RS, 60RS 
2001 Gala leaf 10RSs, 15RSs, 17RSs, 19RSs, 20RSs, 24RSs, 27RSs, 28RSs, 30RSs, 32RSs, 37RSs 
1999 Gala leaf 39RSs 
2001 Fuji leaf 2RSs, 3RSs, 4RSs, 6RSs, 7RSs, 8RSs 
























TABLE 2. Strains of Colletotrichum spp. in the C. acutatum and C. gloeosporioides complexes studied, with collection details and 
GenBank accessions numbers. 
Species Accession No. a Host Country 
GenBank No. 
ITS GAPDH CHS-1 TUB2 
C. acerbun CBS 128530, ICMP 12921, PRJ 1199.3* Malus domestica New Zealand JQ948459 JQ948790 JQ949120 JQ950110 
C. acutatum CBS 112996, ATCC 568116, STE-U 5292* Carica papaya Australia JQ005776 JQ948677 JQ005797 JQ005860 
CBS 128499, ICMP 17992, PRJ 10.208 Pyrus pyrifolia New Zealand JQ948368 JQ948699 JQ949029 JQ950019 
C. australe CBS 116478, HKUCC 2616* 
Trachycarpus 
fortunei South Africa JQ948455 JQ948786 JQ949116 JQ950106 
CBS 131325, CPC 19820 Hakea sp. Australia JQ948456 JQ948787 JQ949117 JQ950107 
C. brisbanense CBS 292.67, DPI 11711* 
Capsicum 
annuum Australia JQ948291 JQ948621 JQ948932 JQ949942 
C. chrysanthemi IMC 364540, CPC 18930 
Chrysanthemum 
coronarium China JQ948273 JQ948603 JQ948934 JQ949924 
CBS 126518, PD 84/520 Carthamus sp. Netherlands JQ948271 JQ948601 JQ948932 JQ949922 
C. cosmi CBS 853.73, PD 73/856* Cosmos sp. Netherlands JQ948274 JQ948604 JQ948935 JQ949925 
C. costaricense CBS 330.75* Coffea arabica Costa Rica JQ948180 JQ948510 JQ948841 JQ949831 
C. cuscutae IMI 304802, CPC 18873* Cuscuta sp. Dominica JQ948195 JQ948525 JQ948850 JQ949846 
CBS 128555, ICMP 12923, PRJ 839-1 Malus domestica New Zealand JQ948305 JQ948635 JQ948966 JQ949956 
C. fioriniae CBS 125396, GJS 08-140/A Malus domestica USA JQ948299 JQ948629 JQ948960 JQ949950 
CBS 235.49 Malus sp. USA JQ948325 JQ948655 JQ948986 JQ949976 
C. godetiae CBS 133.44* Clarkia hybrida Denmark JQ948402 JQ948733 JQ949063 JQ950053 
CBS 198.53 Malus sylvestris Netherlands JQ948432 JQ948763 JQ949093 JQ950083 
C. guavajae IMI 350839, CPC 18893* Psidium guajava India JQ948270 JQ948600 JQ948931 JQ949921 
C. indonesiense CBS 127551, CPC 14986* Eucalyptus sp. Indonesia JQ948288 JQ948618 JQ948949 JQ949939 
C. johnstonii CBS 128532, ICMP 12926, PRJ 1139.3* 
Solanum 
lycopersicum New Zealand JQ948444 JQ948775 JQ949105 JQ950095 
C. kinghornii CBS 198.35* Phormium sp. UK JQ948454 JQ948785 JQ949115 JQ950105 
C. laticiphilum CBS 112989, IMI 383015, STE-U 5303* 
Hevea 
brasiliensis India JQ948289 JQ948619 JQ948950 JQ949940 
C. limetticola CBS 114.14* Citrus aurantifolia USA JQ948193 JQ948523 JQ948854 JQ949844 
C. lupini CBS 109225, BBA70884* Lupinus albus Ukraine JQ948155 JQ948485 JQ948816 JQ949806 
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CBS 109216, BBA 63879 Lupinus mutabilis Bolivia JQ948156 JQ948486 JQ948817 JQ949807 
C. melonis CBS 159.84* Cucumis melo Brazil JQ948194 JQ948524 JQ948855 JQ949845 
Malus domestica Brazil KC204986 KC205020 KC205037 KC205054 
CBS 134730, CPC 20912, Col 31 Malus domestica Brazil KC204997 KC205031 KC205048 KC205065 
C. nymphaeae CBS 129928.216 
Fragaria x 
ananassa USA JQ948228 JQ948558 JQ948889 JQ949879 
IMI 370491, CPC 18932 Malus pumila Brazil JQ948204 JQ948534 JQ948865 JQ949855 
CBS 515.78* Nymphaea alba Netherlands JQ948197 JQ948527 JQ948858 JQ949848 
C. orchidophilum CBS 119291, MEP 1545 
Cycnoches 
aureum Panama JQ948154 JQ948484 JQ948815 JQ949805 
CBS 632.80* Dendrobium sp. USA JQ948151 JQ948481 JQ948812 JQ949802 
C. paranaense CBS 134729, Col19, CPC 20901* Malus domestica Brazil KC204992 KC205026 KC205043 KC205060 
IMI 384185, CPC 18937, CPAC 8 
Caryocar 
brasiliense Brazil JQ948191 JQ948521 JQ948852 JQ949842 
C. paxtonii CBS 502.97, LARS 58 Musa nana West Indies JQ948286 JQ948616 JQ948947 JQ949937 
IMI 165753, CPC 18868* Musa sp. Saint Lucia JQ948285 JQ948615 JQ948946 JQ949936 
C. phormii CBS 102054 Phormium sp. New Zealand JQ948448 JQ948779 JQ949109 JQ950099 
CBS 118194, AR 3546* Phormium sp. Germany JQ948446 JQ948777 JQ949107 JQ950097 
C. 
pseudoacutatum CBS 436.77* Pinus radiata Chile JQ948480 JQ948811 JQ949141 JQ950131 
C. pyricola CBS 128531, ICMP 12924, PRJ 977.1* Pyrus communis New Zealand JQ948445 JQ948776 JQ949106 JQ950096 
C. rhombiforme CBS 129953, PT200, RB011* Olea europaea Portugal JQ948457 JQ948788 JQ949118 JQ950108 
CBS 131322, DAOM 233253, C10, MS1L34 
Vaccinium 
macrocarpum USA JQ948458 JQ948789 JQ949119 JQ950109 
C. salicis CBS 113.14 Malus domestica Germany JQ948478 JQ948809 JQ949139 JQ950129 
CBS 607.94* Salix sp. Netherlands JQ948460 JQ948791 JQ949121 JQ950111 
C. scovillei CBS 126529, PD 94/921-3, BBA 70349* Capsicum sp. Indonesia JQ948267 JQ948597 JQ948928 JQ949918 
CBS 126530, PD 94/921-4 Capsicum sp. Indonesia JQ948268 JQ948598 JQ948929 JQ949919 
C. simmondsii CBS 1222122, BRIP 28519* Carica papaya Australia JQ948276 JQ948606 JQ948937 JQ949927 
IMI345034, CPC 18884 
Fragaria x 
ananassa Australia JQ948279 JQ948609 JQ948940 JQ949930 
C. sloanei IMI 364297, CPC 18929* 
Theobroma 
cacao Malaysia JQ948287 JQ948617 JQ948948 JQ949938 
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C. tamarilloi CBS 129814, T.A.6* 
Solanum 
betaceum Colombia JQ948184 JQ948514 JQ948845 JQ949835 
CBS 129811, T.A.3 
Solanum 
betaceum Colombia JQ948185 JQ948515 JQ948846 JQ949836 
C. walleri CBS 125472, BMT(HL)19* Coffea sp. Vietnam JQ948275 JQ948605 JQ948936 JQ949926 
C. aenigma ICMP 18608* 
Persea 
americana Israel JX010244 JX010044 JX009774 JX010389 
ICMP 18686 Pyrus pyrifolia Japan JX010243 JX009913 JX009789 JX010390 
C. 
aeschynomenes ICMP 17673 
Aeschynomene 
virginica USA JX010176 JX009930 JX009799 JX010392 
C. alatae CBS 304.67*, ICMP 17919 Dioscorea alata India JX010190 JX009990 JX009837 JX010383 
ICMP 18122 Dioscorea alata Nigeria JX010191 JX010011 JX009846 JX010449 
C. alienum ICMP 12071* Malus domestica New Zealand JX010251 JX010028 JX009882 JX010411 
ICMP 18621 
Persea 
americana New Zealand JX010246 JX009959 JX009755 JX010386 
C. aotearoa ICMP 18533 
Prumnopitys 
ferruginea New Zealand JX010197 JX010026 JX009769 JX010416 
ICMP 18537* Coprosma sp. New Zealand JX010205 JX010005 JX009853 JX010420 
C. asianum IMI 313839, ICMP 18696 Mangifera indica Australia JX010192 JX009915 JX009753 JX010384 
ICMP 18580*, CBS 130418 Coffea arabica Thailand FJ972612 JX010053 JX009867 JX010406 
C. clidemiae ICMP 18706 Vitis sp. USA JX010274 JX009909 JX009777 JX010439 
ICMP 18658* Clidemia hirta USA JX010265 JX009989 JX009877 JX010438 
C. cordylinicola MFLUCC 090551*, ICMP 18579 
Cordyline 
fruticosa Thailand JX010226 JX009975 JX009864 JX010440 
C. fructicola ICMP 18613 
Limonium 
sinuatum Israel JX010167 JX009998 JX009772 JX010388 
ICMP 18120 Dioscorea alata Nigeria JX010182 JX010041 JX009844 JX010401 
CBS 125395, ICMP 18645 
Theobroma 
cacao Panama JX010172 JX009992 JX009873 JX010408 
ICMP 18581*, CBS 130416 Coffea arabica Thailand JX010165 JX010033 JX009866 JX010405 
C. horii NBRCC 7478*, ICMP 10492 Diospyros kaki Japan GQ329690 GQ329681 JX009752 JX010450 
ICMP 17968 Diospyros kaki China JX010212 GQ329682 JX009811 JX010378 
C. kahawae ICMP 18539* Olea europaea Australia JX010230 JX009966 JX009800 JX010434 
ICMP 18534 Kunzea ericoides New Zealand JX010227 JX009904 JX009765 JX010427 
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C. musae IMI 52264, ICMP 17817 Musa sapientum Kenia JX010142 JX010015 JX009815 JX010395 
CBS 116870*, ICMP 19119 Musa sp. USA JX010146 JX010050 JX009896 HQ596280 
C. nupharicola CBS 469.96, ICMP 17938 
Nuphar lutea 
subsp. USA JX010189 JX009936 JX009834 JX010397 
CBS 470.96*, ICMP 18187 
Nuphar lutea 
subsp. USA JX010187 JX009972 JX009835 JX010398 
C. psidii CBS 145.29*, ICMP 19120 Psidium sp. Italy JX010219 JX009967 JX009901 JX010443 
C. 
queenslandicum ICMP 1778* Carica papaya Australia JX010276 JX009934 JX009899 JX010414 
ICMP Coffea sp. Fiji JX010185 JX010036 JX009890 JX010412 
C. salsolae ICMP 19051* Salsola tragus Hungary JX010242 JX009916 JX009863 JX010403 
C. siamense ICMP 18578*, CBS 130417 Coffea arabica Thailand JX010171 JX009924 JX009885 JX010404 
ICMP 17795 Malus domestica USA JX010162 JX010051 JX009805 JX010393 
C. theobromicola ICMP 
Annona 
diversifolia Mexico JX010284 JX010057 JX009828 JX010382 
CBS 124945*, ICMP 18649 
Theobroma 
cacao Panama JX010294 JX010006 JX009869 JX010447 
C. ti ICMP 5285 
Cordyline 
australis New Zealand JX010267 JX009910 JX009897 JX010441 
ICMP 4832* Cordyline sp. New Zealand JX010269 JX009952 JX009898 JX010442 
C. tropicale MAFF 239933, ICMP 18672 Litchi chinensis Japan JX010275 JX010020 JX009826 JX010396 
CBS 124949*, ICMP 18653 
Theobroma 
cacao Panama JX010264 JX010007 JX009870 JX010407 
C. xanthorrhoeae BRIP 45094*, ICMP 17903, CBS 127831 
Xanthorrhoea 
preissii Australia JX010261 JX009927 JX009823 JX010448 
*Ex-holotype or ex-epitype cultures. 
aCBS: Culture collection of Centraalbureau voor Schimmecultures, Fungal Biodiversity Centre, Utrecht, The Netherlands; CPC: Working collection of Pedro W. 
Crous, housed at CBS, Utrecht, The Netherlands; Col: Personal collection of Nelson Massola, housed at ESALQ/USP, Department of Plant Pathology, 
Piracicaba, Sao Paulo, Brazil; IMI: Culture collection of CABI Europe UK Centre, Egham, UK; BRIP: Plant Pathology Herbarium, Department of Employment, 
Economic, Development and Innovation, Queensland, Australia; ICMP: International Collection of Microorganisms from Plants, 
Auckland, New Zealand; STE-U: Culture collection of the Department of Plant Pathology, University of Stellenbosch, South Africa; CPAC: Collection Cpac-
Embrapa at Embrapa-Cerrados, Planaltina, DF, Brasil; HKUCC: The University of Hong Kong Culture Collection, Hong Kong, China; PD: 
Plantenziektenkundige Dienst Wageningen, Nederland; RB: Personal collection of Riccardo Baroncelli, housed at Dipartimento di Scienze Agrarie, Alimentari 
e Agro-ambientali, Universita di Pisa, Pisa, Italy. 
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TABLE 3. Simulated mean temperatures (°C) that occur in the states of Paraná (PR), 
Santa Catarina (SC) and Rio Grande do Sul (RS) during the epidemic season of the 
Glomerella leaf spot (GLS) used to program the growth chambers Conviron®. 
Hour 
  Temperature (°C)*  
Lamps** 

















6:00 AM 19.9 16.8 18.8 1 
9:00 AM 21.3 18.5 19.8 2 
12:00 PM 24.9 21.7 22.4 2 
3:00 PM 24.9 21.7 22.4 1 
6:00 PM 21.4 18.5 18.8 0 
9:00 PM 19.9 16.8 18.8 0 
*Mean temperature data from 2010 to 2016 (December to February). Meteorological data on 
temperature were obtained from the Instituto Nacional de Meteorologia - INMET - Stations OMM: 
838442 (PR-Curitiba), OMM:83920 (SC-São Joaquim) and OMM:83942 (RS-Bom Jesus). 
** 12 hours photoperiod. 
 
 
TABLE 4. Frequency of Colletotrichum species isolated from Glomerella leaf spot 
(GLS) symptoms in orchards located in the states of São Paulo (SP), Paraná (PR), 
Santa Catarina (SC) and Rio Grande do Sul (RS). 
State 
Number    Number of isolates per species 
of Cac Cgc 
isolates C. nymphaeae C. melonis C. paranaense C. limetticola ni C. fructicola ni 
SP 18 10 3 1 
- 4 
- - 
PR 80 64 1 4 
1 1 
8 1 
SC 80 1 - - 
- - 
79 - 
RS 50 23 - - 
6 7 
6 8 
ni= no identification. 
 
 
TABLE 5. Mean severity (%) of Glomerella Leaf Spot (GLS) in detached apple leaves 
of the Gala cultivar 8 days after inoculation with C. nymphaeae (Cac), C. fructicola 
(Cgc) and C. karstii (Cbc) and maintained at simulated temperatures of the states of 
Paraná (PR), Santa Catarina (SC) and Rio Grande do Sul (RS). 
State 
Mean severity of GLS (%)* 
Experiment 1 Experiment 2 
C. nymphaeae C. fructicola C. karstii C. nymphaeae C. fructicola C. karstii 
PR 9.2 aA 9.4 aA 2.2 aB 10.2 aA 10.5 aA 1.8 aB 
SC 10.2 aA 10.2 aA 1.6 aB 10.8 aA 10.6 aA 1.6 aB 
RS 9.7 aA 10.7 aA 1.8 aB 11.4 aA 10.7 aA 1.9 aB 
*Original data without transformation. Means followed by the same lower letter in column and same 








TABLE 6. Area under the disease progress curve (AUDPC) of the Glomerella leaf 
spot (GLS) in experimental Gala and Eva orchard inoculated with C. nymphaeae 
(Cac), C. fructicola (Cgc) and C. karstii (Cbc).  
Complexo 
AACPD 
Experimento 1 Experimento 2 Experimento 3 
Gala Eva Gala Eva Gala Eva 
C. acutatum 630.8    a 61.2    a 373.3    a 51.9    a 605.9    a 110.6    a 
C. gloeosporioides 615.9    a 62.4    a 376.7    a 52.0    a 432.7    a 100.1    a 
C. boninense 59.3    b 0.0    b 50.1    b 0.0    b 166.9    b 0.0    b 
*Original data without transformation. Means followed by the same lower letter in column do not differ 























































 129PR - bud







 49PR - bud
 17PR
 167PR - twig











 122PR - bud
 19RSs
 161PR - twig
 120PR




 176PR - flower
 128PR - bud
 181PR - flower
 134PR - bud
 27SP
 173PR - twig










 156PR - twig










 124PR - bud




 Colletotrichum nymphaeae CBS:515.78*
 Colletotrichum nymphaeae CBS:129928
 178PR - flower
 163PR - twig
 126PR - bud
 89SC










 157PR - twig
 11PR
 41SP
 162PR - twig




















 Colletotrichum brisbanense CBS:292.67*
 Colletotrichum laticiphilum CBS:112989*
 Colletotrichum sloanei IMI:364297*
 Colletotrichum indonesiense CBS:127551*
 Colletotrichum paxtonii IMI:165753*
 Colletotrichum paxtonii CBS:502.97
 Colletotrichum simmondsii CBS:122122*
 Colletotrichum simmondsii IMI:345034
 Colletotrichum guajavae IMI:350839*
 Colletotrichum scovillei CBS:126529*
 Colletotrichum scovillei CBS:126530
 Colletotrichum cosmi CBS:853.73*
 Colletotrichum walleri CBS:125472*
 Colletotrichum chrysanthemi IMI:364540*
 Colletotrichum chrysanthemi CBS:126518
 Colletotrichum tamarilloi CBS:129814*
 Colletotrichum tamarilloi CBS:129811
 Colletotrichum cuscutae IMI:304802*
 Colletotrichum lupini CBS:109225*
 Colletotrichum lupini CBS:109216
 33PR




 Colletotrichum melonis CBS:159.84*
 9PR





 Colletotrichum paranaense IMI:384185
 Colletotrichum costaricense CBS:330.75*
 30PR







 Colletotrichum limetticola CBS:114.14*
 Colletotrichum fioriniae CBS:128555
 Colletotrichum fioriniae CBS:125396*
 Colletotrichum fioriniae CBS:235.49
 Colletotrichum acutatum CBS:112996*
 Colletotrichum acutatum CBS:128499
 Colletotrichum godetiae CBS:133.44*
 Colletotrichum godetiae CBS:198.53
 Colletotrichum johnstonii CBS:128532*
 Colletotrichum pyricola CBS:128531*
 Colletotrichum salicis CBS:607.94*
 Colletotrichum salicis CBS:113.14
 Colletotrichum rhombiforme CBS:129953*
 Colletotrichum rhombiforme CBS:131322
 Colletotrichum acerbum CBS:128530*
 Colletotrichum kinghornii CBS:198.35*
 Colletotrichum phormii CBS:118194*
 Colletotrichum phormii CBS:102054
 Colletotrichum australe CBS:116478*
 Colletotrichum australe CBS:131325
 Colletotrichum pseudoacutatum CBS:436.77*











































FIGURE 1. Phylogenetic tree of Colletotrichum acutatum species complex from apple 
using the Neighbor-Joining method based on alignment including ITS, GAPDH, 
TUB2 and CHS-1 concatenated sequences showing the relationship between 
Colletotrichum species. The evolutionary distances were computed using the 
Maximum Composite Likelihood method and are in the units of the number of base 
substitutions per site. The analysis included 176 isolates including the outgroup. C. 
orchidophilum CBS 632.80 was used as outgroup taxon. Values on the branch 






























































 133PR - bud
 132PR - bud





 50PR - bud
 53PR - bud
 15RSs
 55PR - bud
































 Colletotrichum fructicola CBS:130416*
 Colletotrichum fructicola ICMP:18613
 Colletotrichum fructicola ICMP:18120
 Colletotrichum nupharicola CBS:470.96*









 Colletotrichum gloeosporioides CBS:112999*
 Colletotrichum aeschynomenes ICMP:17673*
 Colletotrichum siamense CBS:130417*
 Colletotrichum siamense ICMP:17795
 Colletotrichum queenslandicum ICMP:18705
 Colletotrichum asianum CBS:130418*
 Colletotrichum asianum ICMP:18696
 Colletotrichum tropicale CBS:124949*
 Colletotrichum tropicale ICMP:18672
 43PR
 Colletotrichum aenigma ICMP:18608*
 Colletotrichum aenigma ICMP:18686
 Colletotrichum alienum ICMP:12071*
 Colletotrichum alienum ICMP:18621
 Colletotrichum queenslandicum ICMP:1778*
 Colletotrichum salsolae ICMP:19051*
 Colletotrichum musae CBS:116870*
 Colletotrichum musae IMI:522664
 Colletotrichum xanthorrhoeae CBS:127831*
 Colletotrichum theobromicola CBS:124945*
 Colletotrichum theobromicola ICMP:17895
 Colletotrichum horii ICMP:10492*
 Colletotrichum horii ICMP:17968
 Colletotrichum aotearoa ICMP:18537*
 Colletotrichum aotearoa ICMP:18533
 Colletotrichum kahawae subsp. ciggaro ICMP:18539*
 Colletotrichum kahawae subsp. ciggaro ICMP:18534
 Colletotrichum psidii CBS:145.29*
 Colletotrichum clidemiae ICMP:18658*
 Colletotrichum clidemiae ICMP:18706
 Colletotrichum ti ICMP:4832*
 Colletotrichum ti ICMP:5285
 Colletotrichum alatae CBS:304.67*
 Colletotrichum alatae ICMP:18122























FIGURE 2. Phylogenetic tree of Colletotrichum gloeosporioides species complex 
from apple using the Neighbor-Joining method based on alignment including ITS, 
GAPDH, TUB2 and CHS-1 concatenated sequences showing the relationship 
between Colletotrichum species. The evolutionary distances were computed using 
the Maximum Composite Likelihood method and are in the units of the number of 
base substitutions per site. The analysis included 142 isolates including the outgroup. 
C. orchidophilum CBS 632.80 was used as outgroup taxa. Values on the branch 




































FIGURE 3. Severity (%) and number of leaves progress curves in plants of apple 
(Malus domestica) observed in experimental Gala orchard inoculated with C. 
nymphaeae (Cac), C. fructicola (Cgc) and C. karstii (Cbc). Inoculation of plants with 
Colletotrichum species occurred on 11/19/2015 (experiment 1), 4/18/2016 
(experiment 2) and 11/21/2016 (experiment 3). First evaluation (time 0) performed on 
11/30/2015 (experiment 1-E1), 4/29/2016 (experiment 2-E2) and 12/1/2016 

































































































































FIGURE 4. Severity (%) and number of leaves progress curves in plants of apple 
(Malus domestica) observed in experimental Eva orchard inoculated with C. 
nymphaeae (Cac) and C. fructicola (Cgc). Inoculation of plants with Colletotrichum 
species occurred on 11/19/2015 (experiment 1), 4/18/2016 (experiment 2) and 
11/21/2016 (experiment 3). First evaluation (time 0) performed on 11/30/2015 
(experiment 1-E1), 4/29/2016 (experiment 2-E2) and 12/1/2016 (experiment 3-E3). 



























































































FIGURE 5. Severity (%) and number of leaves progress curves in plants of apple 
(Malus domestica) observed in experimental Gala and Eva orchard inoculated with 
C. nymphaeae (Cac) and C. fructicola (Cgc). Inoculation of plants with Colletotrichum 
species occurred on 11/19/2015 (experiment 1), 4/18/2016 (experiment 2) and 
11/21/2016 (experiment 3). First evaluation (time 0) performed on 11/30/2015 
(experiment 1-E1), 4/29/2016 (experiment 2-E2) and 12/1/2016 (experiment 3-E3). 











































































































































































































































































FIGURE 6. Density distributions for experiment 1 (a), experiment 2 (b) and experimet 
3 (c) and, cumulative relative frequencies for experiment 1 (d), experiment 2 (e) and 
experiment 3 (f) comparing the time to the leaf abscission among Gala apple plants 




















FIGURE 7. Density distributions for experiment 1 (a), experiment 2 (b) and 
experiment 3 (c) and, cumulative relative frequencies for experiment 1 (d), 
experiment 2 (e) and experiment 3 (f) comparing the time to the leaf abscission 


















6 CONCLUSÕES GERAIS 
 
 
 Existem diferenças significativas entre espécies que causam a MFG e a PA 
em relação à temperatura para germinação de conídios e crescimento micelial. 
Espécies pertencentes ao cCg crescem com maior velocidade do que espécies 
pertencentes ao cCa. 
 Em Santa Catarina, quase 99% dos isolados pertencem à espécie C. 
fructicola (complexo C. goeosporioides), mas nos estados de São Paulo, Paraná e 
Rio Grande do Sul predominam espécies pertencentes ao camplexo C. acutatum, 
100, 89 e 72%, respectivamente. Este é o primeiro relato de C. limetticola em 
macieira e, além disso, 12 isolados pertencentes ao complexo C. acutatum e 9 
isolados pertencentes ao complexo C. gloeosporioides não agruparam dentro das 
árvores filogenéticas com nenhuma espécie anteriormente descrita e portanto serão 
relatadas como novas espécies nas próximas fases do estudo. Além disso, futuros 
trabalhos devem procurar entender o porquê da diferença na proporção de espécies 
entre localidades, pois apesar da temperatura influenciar o crescimento das 
diferentes espécies in vitro, ela demonstrou não ser o principal fator para selecionar 
indivíduos de diferentes complexos em condições de campo. Outro aspecto 
importante é continuar monitorando a severidade da MFG em plantas da cultivar 
Eva. 
 A distribuição da sensibilidade a fungicidas variou entre isolados das 
diferentes partes da planta, dos diferentes estados e das diferentes cultivares e, em 
muitos casos, a sensibilidade foi reduzida ou inexistente. Altos valores de fator de 
resistência foram detectados para mancozeb o que pode ser o principal motivo para 
a diminuição do controle das doenças observado no campo pelos produtores e 
estudos sobre o mecanismo de resistência envolvido e a continuidade do 
monitoramento em campo são necessários em futuros trabalhos. Além disso, a 
determinação da proporção de espécies é importante para definir o ingrediente ativo 
a ser utilizado, levando em consideração que em algumas regiões as espécies 
predominantes encontram-se no cCa e este é insensível, por exemplo, ao fungicida 
tiofanato-metílico. 
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ANEXO 1. Croqui do pomar experimental localizado na Universidade Federal do 
Paraná das cultivares Julieta (polinizadora), Eva e Gala. 
vezes com os complexos 
nymphaeae) e C. boninense







O pomar foi inoculado por 3 
C. gloeosporioides (C. fructicola), 












C. acutatum (C. 
 
 
ANEXO 2. Progress curves of the severity (proportion) of GLS 
(Malus domestica) observed in experimental Gala and Eva orchard 
C. nymphaeae (Cac), C. fructicola
refers to an average of 100% severity. Points represents average severity in the twig, 
and the lines represents the fit to monomolecular model for the Cgc
Gala treatments and the fit to logistic model for the Cbc
treatments. First evaluation (time 0) 







 (Cgc) and C. karstii (Cbc). Value 1 on the y axis 
-Gala, Cgc
performed on 11/30/2015 (experiment 1), 
114 
in plants of apple 
inoculated with 
-Gala and Cac-





ANEXO 3. Comparison of epidemiological parameters of the monomolecular model 
fitted to the severity data of GLS on experimental orchard of apple Gala inoculated 
with C. nymphaeae (Cac) and C. fructicola (Cgc). Curitiba/PR. 
Species Cultivar 


























*Estimated values by the monomolecular model. y0 = initial inoculum. r = rate of disease progress. The 



































ANEXO 4. Comparison of epidemiological parameters of the logistic model fitted to 
the severity data of GLS on experimental orchard of apple Gala and Eva inoculated 
with C. nymphaeae (Cac), C. fructicola (Cgc) and C. karstii (Cbc). Curitiba/PR. 
Species Cultivar 
Epidemiological parameters* 
a y0 r 
Experiment 1 
C. karstii Gala 
0.0441 0.0027 0.081 
(0.0245/0.0636) (-0.0006/0.0059) (0.0526/0.1095) 
C. fructicola 
Eva 
0.0223 0.0066 0.0934 
(0.0165/0.0282) (-0.0087/0.0219) (0.0409/0.1459) 
C. nymphaeae 
0.0248 0.0035 0.0985 
(0.0197/0.0298) (-0.0030/0.0100) (0.0589/0.1380) 
Experiment 2 
C. karstii Gala 
0.034 0.0003 0.128 
(0.0279/0.0400) (-0.0003/0.0009) (0.0879/0.1682) 
C. fructicola 
Eva 
0.029 0.008 0.0845 
(0.0215/0.0365) (-0.0035/0.0196) (0.0500/0.1190) 
C. nymphaeae 
0.025 0.0031 0.108 
(0.0218/0.0282) (-0.0015/0.0077) (0.0759/0.1401) 
Experiment 3 
C. karstii Gala 
0.0276 0.0395 0.0818 
(0.0215/0.0337) (-0.0096/0.0887) (0.0379/0.1257) 
C. fructicola 
Eva 
0.0188 0.0368 0.01026 
(0.0153/0.0223) (-0.0289/0.1025) (0.0368/0.1684) 
C. nymphaeae 
0.0221 0.0263 0.1089 
(0.0188/0.0255) (-0.0120/0.0645) (0.0570/0.1609) 
*Estimated values by the logistic model. a = maximum asymptote. y0 = initial inoculum. r = rate of 
disease progress. The confidence intervals are enclosed in parentheses; when they overlap the 
treatments do not differ. 
 
 
